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EN EftGY /MATTER CONVERSION METHODS AMD STKUCiURKS 

This application is a conti nan t.ion-in-part of tho 
co-pending application of Handell Lee Mills, entitled 
Energy /Matter Conversion Methods and Structures'*, filed on 
J\in« 11, 1993, which is a continuation-in-part of the subject 
matter published June 25,1992 in WO 90/10838 and November 01, 
1990 in WO 90/13126. 

BACKGROUND OF TH E fNVfNTION 

1 Field of the Invention: 

This invention relates to methods and apparatus for releasing 
energy from hydrogen atoms (molecules) as their elect/003 are 
stimulated lo relax to lower energy levels and smaller radii (smaller 
semim3jor and semiminor axes) than the 'ground state" by providing 
energy sinks or means to remove energy resonant with the electronic 
energy released lo stimulate these transitions according to a novel 
atomic model. Each of such reactions is hereafter referred to as a 
shrinkage re action: each transition is hereafter referred to as a 
shrin kage tr ansition: each energy sink or means to remove energy 
resonsnt with the hydrogen electronic energy released to effect each 
transition is hercarter referred to as an en er g y hole , and the electronic 
eneiyy it-moved by the energy note to effect or siirnuiaie the shrinkage 
transition is hereafter referred to as the resonance s hrink age energy 
I he present invention further comprises methods and structures for 
repeating this shrinkage reaction to produce shrunken atoms (molecules) 
to provide new materials with novel proper! ies such as high thermal 
Stability 

? Descripti on of the Rcia t ctLArt 

As a result of the erroneous assumptions and incomplete or 
erroneous models and theories, the development of us*? fur or functional 
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systems ano structures requiring an accurate under su^nomci of ;Mertc. 
structure and energy transfer has i>een inhibited The Scnreomger 
equation, for c^mpi?, does not explain !r>° phenomenon of anomalous 
heal release from rryorogen m cc-M^r. e c^trolyt ic cells having a 
potassium carbonate electrolyte wiih the p-ortuctior of lower- energy 
hydrogen atoms and molecules, which is part of the preeeni: invent urn 
Thus, advances In materials ana energy/matter conversion h3ve been 
largely limited to laboratory discoveries having limited or sub-optimal 
commercial application 

^m&B^O r THE INVENTION 

A novel atomic theory is disclosed in The Un ificat jnn_r^_ 
S^i***©^ Mills, R. Technonicc 

Publishing Company. Lancaster, PA. U,S.A. (1992); Tht> Gra nd 
ILnJXU?.dJ^^ R. and Karroll, J., Science Press, Kphrata, 

l y h U990); Mills, R. , Xncizys, S., Fusion Technology, 210, 
<1991),pp 65-81, and in my previous U.S. patent applications 
entitled: -Energy /Matter Conversion Methods and Structures. - 
whoce subject matter was published June 25, 1992 in WO 90/10830 
and November 01, 1990 in WO 90/13126. 

fhe present invention comprises methods and apparatuses for 
releasing heat energy from hydrogen atoms (molecules) by stimulating 
their electrons to relax to quantized potential energy levels below that 
of ihe "ground state" via electron transter reactions of reaclants 
including electrochemical reactant(s) (electrocatalyt ic couplets)) which 
remove energy from the hydrogen atoms (molecules) to stimulate these 
transitions in addition, this application includes methods 3nd 
apparatuses to enhance the power output by enhancing the reaction rate- 
the rate of the formation of the lower -energy hydrogen The present 
invention further comprises methods and apparatuses for repeating a 
Shrinkage reaction according to the present invention to cause energy 
release and to provide shrunken atoms and molecules with novel 
properties s»icr> as high thermal sta>it>ty. and low react iv.?v 7iv 
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lower -energy stole atoms and molecules ore uSdul for he*:* l :ron_ 
cryogenic apolicatrons, as a buoyant gas, as a medium m on engine . 
as n Sterling engine or c '.'jrbmv. crS a qener-ji repi£CeT*nt fo-* hehui:. 
anil as a rtlr ia-;r *ni by <il:^0"l.iing ene-roy mcljding n.?ai en^ray as tr.e 
electrons are evened bac k io a higher energy level 

flejftw /firounft r>t ate" Transitions of Hydrogen Atoms 

According to a novel model of tne electron derived from first 
prmc iples ninHjxat^ nf Snaceiirnp fhe Forc es, natter, and Energy. 

10 hills, R, Technomics Publishing Company. Lancaster, PA, (1992)), bound 
electrons are described by a charge-density (mass-density) function 
which is the product of a radial delta function (f(r) = 6fr-r n )), two 
angular (unctions (spherical harmonic functions), and a time harmonic 
function. Thus, an electron is a spinning, two-dimensional spherical 

15 surface, called an electron orbitsphere. that can exist in a pound state at 
only specified distances from tne nucleus where each point on the shell 
follows a great circle orbit about the central nucleus, for the 'ground 
state*, the electric field is a radial centra) field inside the spherical 
shell and zero outside, where the radius of the shell Is the Bohr radius, 

70 ao. At this radius, the electron is nonradlativc, and a Jorce balance 
exists between the central field of the proton and the electron 

Photon Induced States of t he One Electron Atom 

Excited states of hydrogen 3rise from the capture of a photon(s) of 

?5 discrete resonant frequencies. The bound electron can trap photons of 
discrete frequencies inside this spherical shell, a spherical resonator 
cavity, for the excited modes, me electric field is the sum of the 
"ground state* field and a time harmonic solution of Ihe laptaoian in 
spherical coordinates The electric field Is nonzero inside of an 

30 expanded resonator cavity where the radius at which nonradiation and 
force balance is achieved is an integer multiple of the Bohr radius The 
photons which excite these modes have energy 

E - -13 6 ev|^ - n= 1,2,3,... (D 
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> : <x o spherical resonator caviiy. the relal lonsfctp between an allowed 
radius, r , ana the photon standing wave wavelength, a, is: 

wh~re n is an integer Ihe relationship between an allowed radius ana 
5 the electron wavelength is 

?»(nr,> =■ 2^rr n = nA, * X n (3) 
wnere n - I 
n = ?, 3. 4, ... 
1 1 * 

10 *i is the allowed wavelength f or n - 1 

H is the allowed radius for n * | 
Higher and lower energy states are equally valid The photon standing 
wave in Doth cases is given as a solution of the Laplacian in spherical 
coordinates. 

15 

Excited State Photon 

e*r photon M ,m - [-. . J »{ * ,/J ,♦..> ♦ <M „JJ M) 

for n - 2, 3, 4. ... 

* - I. 2, ...,n- I 



20 



m = -I * *i 



Eir 



For n = 2. 3, A 

25 1- J.2._'..n- | 

"» ■ -I. -1 ♦ I, .... 0 •* 

According to tq. (5). the magnitude ot the centra) field 
con-esoonding to below 'ground state" transitions »s an integer, and the 
oO energy o( below "ground state" transitions are given D y 

f - i36evf-L - -U „. 1 1 i 
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From energy conservation, the resonance energy hole or a hydrogen atom 

which excites resonator modps o< radial dimension*. t< 

' rri * l 

<v. x 2? 2 ev. (7) 
wheie ni - 1. 2. 3, 4, 
After resonant absorption of U.e r.ole. th* radius cf the oroit where. a 0 

shrinks to ana after 0 cycles of resonant shrinkage, the radius 
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in other words, the radial -ground state' field ran be considered as 
the superposition of Fourier components The removal of negative 
Fourier components of energy m x 272 ev where m is an integer 
increases the positive electric field inside the spherical shell by m 
times the charge of a proton. The resultant electric field Is a time 
harmonic solution of the Uplaclan in spherical coordinates In this case 
the radius at which force balance and nonradiation are achieved is 
& . 

m , , wnere m is an integer. In decaying to this radius from trie 
ground state", a total energy of Km - ))? - |?J x 13.6 eV is released. 
The total energy well of the hydrogen atom is shown in FIGURE ! The 
exothermic reaction involving transitions from one potential energy 
level to a lower level is hereafter referred to as HECTER (Hydrogen 
20 Emission by Catalytic Iherrnal Electronic Relaxation). 

A hydrogen atom with its electron in a lower than 'ground state- 
energy level corresponding to a fractional quantum number ts hereafter 
referred to as a hydrmo atom The designation for a hydrmo atom of 
radius ~ where p is an integer is J 

?5 The size of the electron orbitsphere as a function of potential 

energy is given in FIGURE 2 

LQergyJjftle jAto m 1 ( Hydrogen) 

In a preferred embodiment, energy holes, each of approximately 
30 2721 ev, are provided by electron transfer reactions of reactants 

including electrochemical reactam(s) (electrocatalytic couple(s)) which 
cause heat to be released irorn hydrogen atoms as their electrons are 
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stimulated to relax to Quantized potential energy revels below that cf 
fht -ground state" The energy removed by an electron transfer reaction 
energy hole, is resonant with t |* hydrogen energy released to stimulate' 
this transition. The source of hydrogen ai cms ts the production on t he 
5 surface of a cathode during electrolysis of water in it* case of an 

electrolytic energy reactor and hydrogen gas or a hydr.de in the case of a 
pressurised gas energy reactor or gas discharge energy reactor. 

Bejpw -Ground state' Tr^Mtjons^LHyOrOiiervIy De Molecule an d 
»0 Molecular lon5 — L ~ 

Two hydrogen atoms react to form a diatomic molecule the 
hydrogen molecule. 

?H[a 0 ] H 2 [ 2 c - 4?. aj (8) 

where 2c ts the internuclear distance. Also, two hydrino atoms react to 
it> form a diatomic molecule, a dihydrino molecule 

»{?J • • j 

where p is an integer 

The central force equation for hydrogen-type molecules has orbital 
solut.ons which are circular, elliptic, parabolic, or hyperbolic The 
former two types of solutions are associated with atomic and molecular 
orbitals. These solutions are nonradiative if the boundary condition for 

" ^ ,,c i-»cuiioft mom section of Tnejyn ji teat ion or 
Spacetime^itie_F^cejU^te^ Mills, R , Technom.cs 

Publishing company, Lancaster. PA, ( 1 992), is met. The mathematical 
formulation for zero radiation is that the function that describes the 
motion of the electron must not possess space-time Fourier components 
that are synchronous with waves travelling at the speed of light The 
boundary condition for the oroitsphere is met when the angular 
frequencies are 
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2' (10) 



m E r„ 

as demonstrated in the One Electron Atom Section of Tne umnrah^r 
SMCejime^JLhe. Forces mUsLJmSSSEBtL "ills. n. Technomics 
Publishing Company. Lancaster. PA, ( 1992). th- condition , s met for tne 
product function of a radial Oirac delta fund, on and a I ime harmonic 
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function where the angular frequency, is constant and qivcn by Eq 
( 10) 

TIL 

f>__ 

Wn " "Vn* " A (ID 

where L Is Uht angular momentum and a is me area or the closed 
S geodesic orbit. Consider me solution or the central force equation 
comprising the product of a two dimensional ellipsoid and a time 
harmonic fund ion The spatial part of the product (unction is the 
convolution or a radial Dlrac delta function with the equation of an 
ellipsoid. The Fourier transform of the convolution of two functions is 
10 the product of the individual Fourier transforms of the functions thus 
the boundary condition is met for an ellipsoidal-time harmonic function 
when 

U:n rn e A rn e ao n?) 
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where the area of an ellipse is 



A-*ab (13) 
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where 2b is the length of the sem (minor axis and 2a is the length of the 
semlmajor axis. The geometry of molecular hydrogen is elliptic with the 
mternuclear axis as the principle axis; thus, the electron orbital is a 
two dimensional ellipsoidal- time harmonic function. The mass follows 
geodesies time harmonically as determined by the central field of the 

protons at the foci tootat iomi c^o.^, ^~..» fK ~ 

" * , m.vci uvDtfjf axis 

further determines that the orbital Is 3 prolate spheroid In general, 
ellipsoidal orbits or molecular bonding, hereafter referred to as 
ellipsoidal molecular orbitals <M O. "si. have the qeneral equation 

a2 b? c? (, *> 
The semiprinciple axes of the ellipsoid are a, b, c. 
m ellipsoidal coordinates, the Lap lac fan is 

< n . c t - W,£l« », . C < . . 0 < ,5, 

An ellioso.dal M o. is equivalent to a charged conductor whose surface is 
30 given by tq < 14). It carr.es a tola, charge 0. and it s potent ia. , s a 
solution ol the Laplacian in ellipsoidal coordinates, Eq 
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Excited siaics of oi bit spheres are discusses in the Excited Slates 
of the One Electron Alcni (OuarUi/at mn) Section of Ih^JJniQl^onj^ 
Space time. the f .orces.Jj^Ifi^^Q^J^exo.'/-, Mills. P.. Techncmics 
Publishing Company, t ancdM'.-r. PA. ! 1992) m the case of ellipsoid*! m 
b 0. *s, excited electronic Sl3K*s are created wnen photons oi ciSCrcU' 
freauencies are trapped in the ellipsoidal resonator cavity of the n o 
(he photon changes the effective charge at the n. O. surface where trie 
central field is ellipsoidal. Force balance is achieved at a series oi 
ellipsoidal equipolentiat two dimensional surfaces confocal with the 
10 ground state ellipsoid. The trapped photons are solutions of the 
Laplacian in ellipsoidal coordinates, Eq. (IS). 

as is the case with the orbitsphere, higher and lower energy states 
are equally valid. The photon standing wave in both cases is a solution 
of the laplacian in ellipsoidal coordinates. Tor an ellipsoidal resonator 
15 cavity, the relationship between an allowed circumference, 4aE, and the 
photon standing wavelength, X, is 

A3t ■ nx (.16) 
where n is an integer and where 

a 

20 Is used in the elliptic integral E of EQ. (16). Applying Eqs. (16) and (17), 
the relationship between an allowed angular frequency given by Eq. (12) 
and the photon standing wave angular frequency, to, is: 



(18) 



" - ^ u)l to n 

m e A m c najnh } m e a n b n n^ 
where n - I, 2, 3, 4, ... 

«v>! is the allowed angular frequency for n - I 

3i and bi are the allowed semimajor and semi minor axes for n - i 

From Eq. (18). the magnitude of the elliptic field corresponding to a 
30 below "ground state" transition of the hyorogen molecule is an integer. - 
The potential energy equations of hydroge n- type mo lecules are 

-p 2 e? v a • - o? 

v ^ _ ]n ===== (19) 

8»to/ 3 ? - t 2 3 - V 3 ? " b? 
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and where p is an Integer. From energy conservation, ihe resonance 
energy hole of 3 hydrogen- type molecule which causes the transition 

'-•I- ■ ] - ■ #: a l ] .*> 

is 

10 mp?XdB.6eV (2 ,^j 

whe.e m and p are integers During the transition, the elliptic field is 
increased from magnitude p to magnitude p • m The corresponding 
potential energy change equals the energy adsorbed by the energy note. 

Energy hole *■ -V e - V p = mp2 x 48.6 eV (2 &) 
Further energy i S released by the hydrogen- type molecule as the 
iniernuclear distance -shrinks". The total energy. £ T . released during the 
transition is 

tM-t3.6 C vf[ 2 (m»p)2V2 - (kmd^V? . iBS££/2\, n , ,,.^1 



(27) 



A schematic drawing of the total energy well of hydrogen-type 
molecules and molecular ions is given in FIGURE 3. The exothermic 
reaction involving transitions from one potential energy level to a lower 
level below the "ground state" is also hereafter referred to as HEC7ER 
(Hydrogen {.mission by Catalytic Ihermal Electronic Relaxation). 

a hydrogen-type molecule with its electrons in a lower man 
ground state" energy level corresponding to a fractional quantum number 
is hereafter referred to as a dihydr.no molecule-- The designat .on lor a 

dihydnno molecule of internuclear distance. 2c - ™ 



0 where u is an 
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integer. , s H^f*. .- J . tttiemall<: „ rawi|ig 0 , sw (>( 

hydrogen- type molecules as a function of total energy , s pi von inf igure 

The magnitude of the elliptic field corresponding to the f.rst Oelow 
5 ground slate" hyorogen-iype molecule is 2 From energy consprvai.on 
the resonance energy hole of a hydrogen molecule which exotcs the 
transition of the hydrogen molecule with internuclear distance ?c •-, VI 
3o to the first below "ground state' with internuclear distance 2c - -U 

ao is given t>y Eos ( 19) and (20) where the elliptic field ,s increased ^ 
10 from magnitude one to magnitude two: 

-67.013 eV (20) 
(20) 




15 



(30) 



Energy hole = -v e - V p -- 48.6 eV 
in other words, the ellipsoidal ground state" field of the hydrogen 
molecule can be considered as the superposition of Fourier components 
The removal of negative Fourier components of energy 

mx486eV ni) 
_ where m is 3n integer, increases the positive electric field insi«P .no 
ellipsoidal shell by m tunes the charge of a proton at each focus The 
resultant electric field Is a time harmonic solution of the lap.acian in 
ellipsoidal coordinates The hydrogen molecule with internuclear 
distance ?c - V 2 a 0 is caused to undergo a transition to a Delow 
ground state" level, and the internuclear distance for which force 

» balance and nonradiation are achieved is 2c = ^4-^ in decay mg .„ 
<h.s internuclear d.stance from the "ground stale", a tola, energy of 
-.>6e,[(2(..m)V2 - li..*/? • ^&£)„ . <,.,n)?V?] 



»s released 
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fn a preferred embodiment, energy holes, each of approximately 
m x ^6 ev. are provided by electron transrer reactions oi reactan(«. 
!3 incluotng electrochemical reactanKs) felectrocatalyt ic coupte(s)) which 
cause heat to be released from hydrogen molecules as, their electrons are 
stimulated to relax to quantized potential energy levels below that of 
the "ground state". The energy removed by an electron transfer read ion, 
energy hole, is resonant with the hydrogen energy released to stimulate 
10 this transition The source of hydrogen molecules Is the production on 
the surface of a cathode during electrolysis of water in the case of an 
electrolytic energy reactor and hydrogen gas or a hydride in the C3se of a 
pressurized gas energy reactor or gas discharge energy reactor. 

1 5 Eaerqy R eactor 

The present invention of an electrolytic cell energy reactor, 
pressurized gas energy reactor, and a gas discharge energy reactor, 
comprises: 3 means for containing a source of hydrogen; a means for 
bringing the hydrogen atoms (molecules) Into contact with one of a solid, 

20 molten, liquid, or gaseous solution of energy holes; and a means for 

removing the lower-energy hydrogen atoms (molecules) so as to prevent 
an exothermic Shrinkage reaction from coming to equilibrium. The 
shrinkage reaction rate and net power output can be increased Dy 
conforming me energy hole to match the resonance shrinkage energy, in 

25 general, power output Is optimized by controlling the temperature, 

pressure of the hydrogen gas, the source of the energy hole including the 
electrocatalytic couple which provides the energy hole, the counterion of 
the electrocataiyt ic couple, and the area of the surface on which the 
shrmkage reaction occurs. In the case of an electrolytic celt, power 

30 output is optimized by controlling the the electric field of the 
electrolysis cell as z function of time, the pH of the solution, the 
surface area of the cathode, the current density of the cathode, and the 
material composition and structure of the cathode in the case of atomic 
hydrogen shrinkage, further enhancement of the -electrolyi ic cell can be 

'5b achieved Dy preventing the Development of a hydrogen gas boundary layer- 
between the surface oi the cathode where the reveling hyorogen atoms 
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we generated ana (he solute, wn.cn contains .he elecirocaiaiytic 
couple Ih.s car, l* ac.m-ved by a D pi yi ng v.brat.on or ultrasound to the 
cathode and /or e i»cuolyuc solution and by the use of an electrolyse 
circuit where u.c current is Mermittent 

Other ol)1 ects, features, ana characters , cs of tr, t nrevnt 
invention, as wen , he methods of operation and the functions of try 
related elements, will become apparent upon consideration of the " 
following description and the appended claims with reference to the 
accompanying drawmgs. a., of which form a part of this specification 
where.n «,ke reference numera.s designate corresponding parts in the ' 
various figures. 



QOiELDE SCRIPT ION or T HCJ^VflNQS 
FIGURE l is a schematic drawing of the total energy well of the 
la hydrogen atom; 

FIGURE 2 ts a schernanc drawjng of ^ s . ee ^ e|eaf ^ orbj 

as a function of potential energy. 

FIGURE 3 is a schematic drawing of the total energy wells of the 
hydrogen molecule, 

20 H 2 [2c* - V2 aj, the hydrogen molecular ion, h 2 (2C - ?a D ] \ the 

tfihydrino molecule H*of?r* - 1 ™w *k 

' 2 [ A " ^ J' C <*' nydrmo molecular ton, 



25 



FIGURE 4 is a schematic drawing of the size of hydrogen-type 
nno.ecu.es. h^c" - ^ J as a function of total energy: 

J'??. 5 ' S 3 r>Chem3Uc * aw,n 9 of 3n ^ r 9V reactor in accordance 
wuh the invention; 

FIGURE 6 is 3 schematic drawing 0 f an electrolytic cell energy reactor 
«n accordance with the present invention. W 
FIGURE 7 is a schematic drawing of a pressurized gas energy reactor 
30 in accordance wun the present invention 

FIGURE 0 ,s a schematic drawing o< a <' !35 discharge encrov reactor m 
•accordance with the invention 9y ° 
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FIGURE 9 is the experiments calorimeter set-up I - vacuum jacketed 
dev/ar, ? - thermistor, 3 - Pt <*»cde. 4 - Ni cathode, 5 - magnetic stirring 
bar. 0 - resistor heater. 7 - rubber stopper, 0 - leflon timing. 9 - 
magnetic Stirrer, 10- aluminium cylinder, 
5 FIGURE 10 is the Experiment r l plot of the heating coefficients 
versus time. I - electrolysis -vitn a nickel wrre cathode at 0 08!) a in 
K2CO3, 2 - resistor working in K2CO3, 

FIGURE I 1 is the Experiment "2 plot of the healing coefficients 
versus time. ) - electrolysis with a nickel cathode and a periodic 
10 square-wave having an offset voltage of L60 volts; a peak voltage of 
1.90 volts; a peak constant, current of 41 3 mA; a 36.0% duty cycle; and a 
frequency of 600 H? in K2CO3, 2 - resistor working in K2CO3; 

FIGURE 12 is the Experiment M 'S plot of the heating coefficients 
versus time. 1 - electrolysis at 0.00! A in Na2C03, 2 - resistor working 
15 In N32C03; 

FIGURE 13 is the E5CA analysis of a control nickel sheet; 

FIGURE 14A-I4D are the E5CA analysis of a sample of the nickel 
cathode from each of an aqueous potassium carbonate electrolytic cell 
and a control aqueous sodium carbonate electrolytic cell; 
20 FIGURE 15 is a schematic of the cryof iltration apparatus; and 

FIGURE 16 is a plot of the intensity verses ionization potential of the 
mass spectroscopic analysts of cryof iltered electrolysis gases evolved 
from the potassium electrolytic cell. 

TAblf; 1 is the power input and output parameters of Experiment n l- 

25 "3; 

TABLE 2 is the I ar3daic efficiency of gas production by the heat 
producing K2CO3 cell 3nd N32C03 control cell; 

TABLE 3 is the observed extreme ultraviolet background emission d3ta 
of interstellar space iLabov. 5., Bowyer, 5, "Spectral observations of the 
30 extreme ultraviolet background^. The Astroohysica! Journal, 371, 0 99 0, 
pp 010-819) according to Eq. <3M). 

TABLE lis the binding energies of the hydnno atom as a function o? 
princ>ple quantum number according to Eci (312); 

7 ABLE 5 is data of the mass spectroscopic analysis with varying 
35 ionization potential of standard hydrogen. 
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TADLC b is 03i;» of the mass spectroscopic analysis with varying 
ionization potential of cryofiltereo standard hydrogen; 

TABLE 7 is data of the mass spectroscopic analyse with varying 
'oniiat'Ort oot cut tal ol gas?S from th? cryof.lt er alon?. 
5 TABLE 8 is oata of the mass spectroscopic analysis with varying 
ionization potential or cryof lUercd electrolysis gases evolved from (he 
sodium electrolytic cell; and 

TADLL' 9 is data of the mass spectroscopic analysis with varying 
ionization potential ol cryofiltcred electrolysis gases evolved from the 
• 0 potassium electrolytic cell. 

BglAiUJ2J^jlim.Q.N QF THE PM*fW2£BmBBLtemW£m& 

THEOR Y 

1 5 aeiowj-ground 3 t Ale:_ Transit ions o f hy*^^ 

For the hydrogen atom, the radius of the -ground state" orbltsphere 
is jv This orbltsphere contains no photonic waver, and the centripetal 
force and the electric force balance is 
m e v,? e? 
a* ^nt^ (33) 

where v, is the velocity of the electron In the "ground state" and m. is 
the electron mass. It was shown in the Excited States of the One 
Electron Atom (Quantization) Section of UmHcatjpn ol^ te t!methe 

s^A^xjc^yj., «v, »cunium»t.;> r-uOi inning Company 

Lancaster, pa, (,992) that the electron orbitsphere is a resonator cav.ty 
25 which can trap electromagnetic radiation of discrete frequencies The 
Photon electric field functions are solutions of the Laplacian In 
spherical coordinates 7he photons decrease the nuclear charge to l/n 
and .ncrease the radius of. the orbitsphere to na n The new configuration 
is also in force balance 
30 ™<lYjl 2 e?/n 

n ^o " lacuna,") 2 (34) 
where v„ is the ve.ocity in the nth excited state corresponding to radius 
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For a spherical resonator cavity, me nonraaiatfve boundary 
condition and the relationsnip between an a..owed radius and the pho 
Stand.ng wave wavelength. Eo (?). g.ves rise to to (3). the boundary 
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30 



condition for 3 . t0 we<i roc. and flowed electron waveienoin- « , 
function or the p 2 rameter n E; , c n va.ue or „ corresponds o an a/.o.eu 
transition effected by a , C so, W photon wh.ch excMes the transition" 
t.«c- orb.lsphere resonator av lly «n addU.r.n l0 ii* iradit.onai ,„, eo . r ' 
"-«ues a. 2. J,...,), „ values or fractions are allowed by £ 0 (3) which 
correspond , 0 transitions with an mcrease ,n the nuclear charge ano 
decrease in the radius of the orb.lsphere. (his occurs r 0 r example 
when the orbitsphere couples to another resonator cavity whicn can 
absorb energy This Is the adsorption of an The ab5orptlon 

ol an energy hole destroys the balance between the centr.fugal force and 
the rncreased centra, e.ectric force As a result, the e.ec.ron undergoes 
a transit >on to a lower energy nonradiatlve state 

n/ 5 '' I? ^ '° n (Z = 2: 0 w<? - e '^ron atom) an allowed state exists 
Photon of about 272, ev. lhe photonic wave in the oro.tsphere creates 

an e«! C fr ^ * "* ^ lh3 ' ,he experiences 

an effective charge of -2e, and establishes a new cenlripetal/electrir 
eountbrtum at r,„ - 05 a.. Tna, is. the ort>,ts P here shrink ^ r 1 a 0 
to r, /2 - -|2 

20 v . -Zctfli. ?x2 e? 

4 ^r I/2 27. 178 eV = -108.70 ev (35) 

The Mnetic energy of the shrunken ortoitsphere is -\ v, or T - 5.0s 

the uZTT *** hydrWJen 3t ° m rYaS ' nPt ene ™ °' " »3 50 ev an (J 
the f.nal hydrogen atom nas a ne. energy of -^2 eV < S3 , ne as H<?<> 3mJ . 

- -40 03 ev for the reaction ' 0 

H(7 C „ » I; r, = a 0 ) H(7 crf = 2 . r I/2 = 0.5 a 0 ) . f36) 

about M ev , S g.ven oft after absorpt.on of the energy hole 

>rom energy conservation, the resonance energy note of a hydrogen 
atom wh.ch excites resonator modes of rad.al d.mensions K 

mx?72ev. 
where m •» I, 2, 3 <\ t 
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After resonant absorpt tof> of (he ix>le. the radius of the orfcu sober e, a 
Shrinks to — ^ ar.d after o cycles of resonant shrinkage, the radius 



is 
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mp - ( 

in other woros, the radial "ground state" field can be considered as 
the superposition of Fourier components. The removal of negative 
FtRjrier components of energy m x 27.2 eV. where m is an integer 
increases the positive electric field inside the spherical shell by m 
times the charge of a proton. The resultant electric field is a time 
harmonic solution of Laplace's equations in spherical coordinates, in 
this case, the radius at which force balance and nonradlatlon are 
achieved is ^-7- y where rn is an integer. In decaying to this radius 
from the "ground state", a total energy of (<m * 1)2 - T 2j x ]3 6 eV (s 
released. The process is nereafter referred to as KECTEP (Hydrogen 
£m1ssion by Catalytic Jherrnal Electronic Relaxation). 



ENERGY HOI FS 

The same energy hole can continue the shrinkage cycle. In general, 
absorption of an eneryy hole will cause the orbitsphere to undergo a 
transition from one stable non-radlat ive radius to another stable non- 
20 radiative radius. The electric force is attractive, thus, the orbitsphere 
will shrink when the effective nuclear charge increases. The orbitsphere 
' has an initial radius, r ft , initial effective nuclear charge, Z C ff. and initial 
velocity, v n , given by the condition for non-radiation 



I I i 
h 

m e na 0 



At force balance, 
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_ ? g H e? 

m e (r n )3 " ^(rj? (40) 
Shrinkage occurs because the effective nuclear charge increases by an 
integer, rn wher. Cos (56-40) are satisfied by the introduction of an 
energy sink of a coupled resonator, such as an electron orbitsphere 
resonator cavity comprising an electrochemical couple or other electron 



\ 7 

transfer reaction The coupled resonator provdes energy holes and 
affects the Shrinkage transition from the initial radius a 0 /(mp- n 3na 3 

nucleai charge of imp • l ) i.i,e second radius T~] a 

nuclear charge of ;n(p» I ) • I Energy conser vation and :he boundary 
1> conciion that trapped photons mur-t be a solution to the La&Mcian tn 
Spherical coordinates determine that the energy hole to cause a 
shrinkage is given by £q. {37). as a result of coupling, the hydrogen atom 
emits a photon of m x 27.21 ev, and this photon is absorbed by the 
coupled resonator Stated another way, the hydrogen atom absorbs an 
10 energy hole of m x 27.21 ev. The energy hole absorption causes a second 
photon to be trapped in the hydrogen atom electron orbUsohere. Recall 
from the Excited States of the One Electron Atom (Quantization) Section 
of lit lis, R , jjnjj jcMion of S pacetime. the Forc e s. Matter , and Energy. 
Technomics Publishing Company, Lancaster, PA, <I992> that 
15 electromagnetic radiation of discrete energy can be trapped in a 

resonator cavity. As shown previously, the photonic equation must be a 
solution of the Lapiacian in spherical coordinates. The photon field 
comprises an electric field which provides force balance and a 
nonradiaMve orbftsphere. The solution to this boundary value problem or 
20 the radial photon electric field is given by 

C»r photon nj.m - ;~ ~rrA -I • i> F Y™ <<k9> * Y™ s ] ] 



(41) 



. l r or n - 2., 1>. A, 

* s 1, ?. ... n - I 
25 m * ~Jt, -* * I, ....0, .... *i 

And, the quantum numbers of the electron are n, 4, m (m j), and m s . 
it is apparent from this equation that given an initial radius of 

ts^T^T) ] 3n0 3 noal ra< ** us of b~^7~r] * naL ^ nuclear charge 
is increased Oy m with the ahsorpt ion of an energy hole of m x 27.2 eV. 
30 The potential energy decreases by this energy, thus, energy is conserved. 
However, the force balance equation is not initially satisfied as the 
effective nuclear charge increases by m Further energy is emitted as 
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force oalance is achieved ai the final raoius Oy replacing the initial 
radius with trie- , ina1 ra(llus ^ by Increasing the c e 

MO) 

force balance Sl achieved and the ort>i: sphere i:- non-radtat ive The 
energy balance for rn - l is as follows An initial energy of 27.21 e v > s 
emitted as the energy hole absorption event. This increases the 
effective nuclear charge by one and decreases the potential by 2721 ev 
Mare energy is emitted until the total energy released Is [<p ♦ 1)2 , p 2) x 
13 6 eV where p Is an integer 

Several examples of different energy holes effecting shrinkage and 
the corresponding effective nuclear charges, total energy released "and 
final radii of the orolt spheres going from infinity to the final radius 
a 0 /(m ♦ F) are given In (he following table. 

Radii, energies, energy holes, and energy released for several states of 
hydrogen 



V(eV) T(ev> 2cff energy total energy 

hole released (ev) 



3 o -27.2 13.6 I 
a</2 -100 a 2 27.2 



(eV) r = «x> to r ^ ft 
13.6 
54.4 



ao/4 -435.4 217.7 4 01.6 



l>4.4 i22.4 
217.7 



25 4 a ° /5 6Q0.2 . 34Q I 5 108.8 3 ^ 0 . 1 



ao/6 -979.6 409.6 6 136.1 
& ao/7 -1333.3 666.4 7 163.3 



489.6 
666.4 

7 V8 -1741.4 870.4 0 190.5 870 -1 

8 a 0 /9 -22040 1101.6 9 217.7 , f0 l 6 
V 1 0-272 1.0 1360.5 10 244 9 i 360 5 

Energy leased for any transition is g,ven by Atonal <- to R> - Atjnitia. 
(-> to R> «miuai 



30 o 
ergy , 
to R> 
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CAj AIYIIC ENLftGY fjOl. L S 'PI O Ijre 5 /Oft A) QMS 

Single Cjjec ir5_Q_J r - £DJ> ! HI 

An energy hole is r.r KfecJ Dy the transfer of ar. electron between 
S participating species including atoms, ions, molecules, and ionic and 
molecular compounds in oivj embodiment, Ihe energy hole comprises the 
transfer of an electron from one species to another species whereby the 
sum of the ionization energy of the electron donating species minus the 
ionization energy or electron affinity of the electron accepting species 
JO equals approximately m X 27.21 eV where m is an integer. 

Sino le Fle ctr on Transfer (Two Species) 

An efficient catalytic system that hinges on the coupling of three 
resonator cavities involves potassium. For example, tne second 
15 ionization energy of potassium is 31.63 eV. This energy hole >s 

obviously too high lor resonant absorption. However, K* releases 4.34 
eV when \\ is reduced to K The combination of K* to K2* andK* to K, 
then, has a net energy change of 27.20 eV; m - I >n Cq. (37). 

™ (43) 

K • K?* - K* ♦ K* * 27.20 eV (44) 
And, the overall reaction is 

f ti* ] " ^(p^'T) ] * [(p 4 1 )? *r> 2] * 13 6 ev (45 > 

Note that the energy given off as the atom shrinks is much greater than 
25 the energy lost to the energy hole. And, the energy released is large 

compared to conventional chemical reactions. 

for sodium or sodium ions no electrocatalyt lc reaction of 

approximately 27 ? i eV is possible. For example. 42.15 eV of energy is 

absorbed by the reverse of the react ion given in Ea (44) where Na* 
30 replaces K * 

Na* - Na* • /!?.!:> ev~ Ha • Na ? * (46) 
Other less efficient catalytic systems that hinge on the coupling ot 
three resonator caviiies exist Tor example, the third ionization energy 
of palladium is 32 93 eV 1 his energy hole is obviously too high for 
33 resonant absorption. However, { r releases 5 392 ev when it is reduced 
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to ( * The combination of Pd?* to Pd3* and I r to l», men, has a net 
energy change of 27 S<1 ev 

?7T^CV - ir . PO^ * ]-. tl - Pd3*- M [----^ r J. [ (r . D?-p?) , 13 6CV 

M7) 

5 L» * Ptf3- « l »* * Prj?* *?7 54 eV (4a) 

Ano, the overall reaction is 

H [~° ] - H [^"T)] * ICP' 1)2 -p?Jx 13.6 ev (49) 

Single E lectron Tra nsf er (On e Species) 

10 An energy hole is provided by me ionization of an electron from a 

participating species including an atom, an Ion, a molecule, and an ionic 
or molecular compound to a vacuum energy level, in one embodiment, the 
energy hole comprises the ionization of an electron from one speciesto a 
vacuum energy level whereby the ionization energy of the electron 

15 donating species equals approximately m X 27.21 ev where m is an 
integer. 

Titanium is one of the catalysts that can cause resonant shrinkage 
because the third ionization energy Is 27.49 eV, m - I In Eq. (37). Thus, 
the shrinkage cascade for the 0 th cycle is represented by 
20 ?7.m ev ?j7* ^ ] _ n 3- # e - . H^--^ ] . |(p ♦ 1)2 . p 2j x |i6 cV 

(50) 

* e — 7i2" ♦ 2/yiyi ev (5i> 
And, the overall reaction is 

h fp" ] ~* ^(p^T) ] 4 |(p * 1 )? ~ p2J x 136 eV < s?) 

25 RubidiumO) is also a catalyst. The second ionization energy is 

27.28 eV 

77?a e v. Rt>* . »{|° ]^R|)2* .<r .^—Stt— J. |(J> « , >2 . x , 3 6 eV f53 ) 

Rt>?- - P - _ ♦ 27.20 0V (54) 

And, the overall reaction is 

30 ?h[^] - ?h[j~ 5 T) ] - Up- i)?. P 2)x I3 6ev I5 5) 
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Other single electron tester reactions to nrov.oe energy h 0 ie< c - 
«DPT«Klmaielv «, X 27.2, ev ,r,ere m is an integer appear ,, my previous 
US Patent Applications entitled Tnergy/ natter Conversion Hethods and 
Structur es," I ilea 0 n December I ?. 1990 and April ?o. 198? wh.char.-' 
incorporated herein by reference 

nyJliDi^L^^iojr^nsier 

An energy hole is proved by the transfer of multiple electrons 
between part , c .pat incj species including atoms, ions, molecules and' 
>on.c and molecular compounds In one embodiment, the energy hole 
comprises the transfer of t electrons from one or more spec.es to one or 
more species whereby the sum of the ionization energies and/or electron 
dfl.mt.es of the electron donating species minus the sum of the 
ionization energies and/or electron affinities of the electron acceptor 
spec.es equals approximately rn X 27.?. eV where m ana t are integers 
An energy hole is provided by the transfer of multiple electrons 
between participating species including atoms, ions, molecules and 
ionic and molecular compounds, in one embodiment, the energy hole 
composes the transfer of t electrons from one spec.es to another 
whereby the t consecutive electron affinities and/or Ionization encc-t~ 
Of the electron donating spec.es minus the t consecutive ionization 
energ.es ano/or electron affinities of the electron acceptor equals 
approximately m X 27.21 eV where m and t are integers 

:r. a prefer red embodiment i ne eiccrron acceptor species is in 
ox.oe such as Mno x . A )0 X) SiO x . a preferred molecular e.ectron acceptor 
iS oxygen, O2 



Iwo„L'££lrQn Jransf erfOne Sj ww^j 

in an embodiment, a catalytic system that provides an eneroy hole 
30 hmges on the ionizat.on of two electrons from an atom, ion or molecule 
to a vacuum energy level such that the sum of two ionization energ.es is 
approximate,-, 27 2 . e v Zinc is one of ,ne catalysis that can cause ' " 
resonant shnnhage because the sum of the first and second ion, 2 a.,on 

3a the p tn cycle is represented by 
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(58) 
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Zn2* ♦ 2e* - In - 57 356 eV 
And, the overall reaction is 

h {p' J ^ , {rp~^~r) ] * f(p • i) - - p?} * '3.6 ev 

Catalytic systems that hmge on the transfer of two electrons from 
an atom to a vacuum energy level capable of producing energy holes for 
shrinking hydrogen atoms are given in the following table. The sum of the 
first ionization energy, i£,, p r us the second ionization energy |£ 2 
equals approximately 27.21 ev. As an example. 2n * 27356 ev * ?n ? ; . 
20' where If, * IF? equals 27 358 ev. 
Catalytic 
Atom 
Be 
Cu 
2n 
Pd 
Te 
Pt 

TmfJe aron Transfcrf T wp Species) 

"" ~" v.««s,y,ic system u.at provides an energy 
I'ole hrnges on the transfer of two electrons from an atom .on or 
molecule to another atom or molecule such that the sum of two 
ionization energies minus the sum oi two electron affinities of the 
participating atoms, ions, and/ or molecules is approximately ?7?i c v 
a catalytic system that hinges on the transfer of two electrons from an 
atom to a molecule involves palladium and oxygen. For example the firM 
and second ion.zat.on energies of palladium are 6.34 ev and 19 43 e v 
respectively And. the first and second electron affmit.es of the oxygen 
molecule are 0.45 ev and 0 li ev. respectively The energy hole 
• esultmg from a two electron transfer is approbate for resonant 
absorption The combination oi p<i to Pd?» and 0 ? to 0 ? ? \ then has a 
net energy change of ?7.7\ eV 



IE » 


IE 2 


Energy Mole 


0.32 


18.21 I 


27.53 


7.726 


20.292 


280 


9.394 


17.961 


27358 




19.^3 


27.77 


9.009 


10.6 


27.609 


9.0 


10.563 


27.563 
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27 2) ev ♦ 4 o 0 



cv 



•> An,, the ov era „ ^on'T ' P( " • ?7 ? ' ?V " (CO) 

Additional atoms molecule nr - <6l) 

' 5 producing energy ho!o«- 2r V I ' feSPect ,ve, V. >^ are cap 3t ,,e C f 
'Cowing tab* ^ '° r Snr "*' n 9 atoms are given in the 

Atom ' IE? Fnergy Hole 

20 As I 726 20292 ?7.4 6 

Te ® 3 " 27.21 

900O »R<r> 

Cs ... nrt " /:/ Co 

p, • j ° 9 ' 1 25., 0 28 „3 

25 900 18 563 27.00 

'n another embodiment ♦ - 

"°»e hinge, on tne trans" ; ^ e Iro^T" P, '° WC,eS " ^ 
molecule to another 3lftm e>ec«rons rrom an atom. jon or 

electron 3 „„ Mly of (hp ° ne ' On,2a " on e ^r gy ai0 one 

approximates ? 7 ?1 v ^ ^ ^ "o.ecules is 

of two e.ec,ron S ,r„ m 3r , ^ ^ lh * h "^> » "* truster 

example, the „„, and se rol? " >V °' VeS X<?n °" ^ >'«»*«». For 

35 an* ? , ? , eV ~™ ™™ ^ or xenon are , 2 . , 3 c v 

• -ne.fvHy ^.tnefrs, l0 n,zai.«n cner«r, and tne r rs, 
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electron affinity of lithium are 5 .39 and 0 02 cv, respectively r he 
ene'yy hole resulting from a two electron transfc is appropriate far 
resonant absorption The combination of Xe to Xe ? * andU* to l.r, then, 
has 3 net energy change of 27 33 ev 

i{J]-xe2-.ir •i{ |T ^ T) ].|( P .i)?-p?)«i3.6 



5 ?7 33ev • Xe « I 1* * li 



ev 



And, the overall reaction is 



xe 



27.33 ev 



(6?) 
(63) 

(64) 



Catalytic systems that hinge on the transfer of two electrons from an 
atom or ion to an Ion capable of producing energy holes for shrinking 
hydrogen atoms are given in the following table. The sum of an 
ionization energy, J£ n> plus the next consecutive ionization energy, lt n * ]t 
of the electron donating atom or ion minus the sum of the first 
ionization energy, IE i . and the electron affinity, EA, of the electron 
accepting ion OQuais approximately 27.2! eV. 



Catalytic 
Donating 
Atom or Ion 



Energy 
Hole 



Catalytic 
Accepting 
ion 



E A 





0 


6\30 


2b. 15 


ir 


5.39 


0.62 


27.44 




5 


10.36 


23.33 


ir 


5.39 


0.62 


27.63 


25 


Or 


11.81 


21.00 




5.39 


0.62 


27.60 




PnV 


10.90 


2230 


Li* 


5.39 


0.62 


27. 19 




SnV 


1107 


23 40 


Li* 


5 39 


0.62 


20.46 




Tt>* 


1 1.52 


21.91 


Li' 


5.39 


0.62 


27. 42 




Oy # 


1 1.67 


22.80 


LI* 


5.39 


0.62 


2a 46 


30 


So* 


16.53 


25.30 


ir 


13.60 


0.75 


27 40 




5i* 


16.69 


2556 




13.60 


0.75 


27 90 



Lvvo f Jectro n Tra nsfe rCTwo Species) 

in another embodiment, a catalytic system that provides an energy 
35 hole mnoes on the transfer of two electrons from an atom ion, or 
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molecule to another atom, ion or molecule such thai Uu- sum of two 
ionization erieicjies minus i.hc sum of two ionization energies oi the 
participating atoms and/or molecules is approximately 27.21 cv. a 
catalytic system I hat hinc-s or, the transfer ol two efcrtruns rrom a 
first ion to 3 second ton involves silver( Ag* ) and silver (A(j?* ). For 
example, ir.e second and third ionization energies of silver are ?i 49 0 v 
and 3403 eV, respectively And, the second and first ionization energies 
of silver are 21 49 eV ano 750 eV, respectively. The energy hole 
resulting from a two electron transfer is appropriate for resonant 
absorption. The combination of Ag* to Ag3* and Ag 2- l0 Ag< tn(?n nas a 
net energy change of 27.25 eV. 



27.25 eV 

fiV 



Ac - * Ag ? * ♦ K 



Ao 3 



Ao 



^3 



[(p • ») ? - p?) x 13 6 



15 



AnG, the overall reaction 15 



Ag* - Ao?' . 27.25 eV 



(65) 
(66) 



(67) 



Catalytic systems that hinge on the transfer of two electrons from an 
atom, or ion to an ion capable of producing energy holes for shrinking 
20 hydrogen atoms are given in the following table. The sum of an 

ionization energy , |£ n , pkj S the next consecutive ionization energy, lf :n . 
of the electron clonal ino atom or ion minus the sum of an ionization 
energy, if:™- plus the next consecutive lower ionization energy, IF.„,, of 
the electron accepting Ion eQuals approximately 27.21 eV 



Catalytic IU 
Donating 
Atom 
or Ion 



IEn-1 



Catalytic 
Accepting 
Ion 



IE 



fin* 1 



IE, 



Energy 
Hole 



35 



He 


0* 


2459 


54 47 


Co 


3* 


33.50 


17 06 


28.44 


He 


0« 


2*39 


5142 


Ga 


3- 


30.71 


20.51 


27.78 


l> 


0* 


5 39 


75 64 


Ni 


3* 


35 17 


10 17 


27 69 


U 


0- 


5.39 


75 6^ 


Xe 


3^ 


32.10 


21.21 


27.72 


Li 


0* 


5.39 


75 64 


HQ 


3* 


3<20 


10.76 


20.07 


t i 


1 ♦ 


75 6/J 


1 22 45 


Na 


4* 


90.91 


7 1 64 


27.54 


Li 


1 * 


75 f>4 


» 22 45 


Y 


6* 


93.00 


77 00 


20.09 
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Be- I- 10 21 15.189 55. &. 08 30 56 00 27.80 
(3e 2- 153 89 217.71 Al &• 190 4/ 153 71 27 43 



P 25.15 37.93 C 2- 24 30 1126 2744 

B 1- 25 15 37.93 K 2- 3 165 4 34 2 7 l 2 

B I- 25 15 37 93 Ho 3- 22 84 11.80 

P 1* 25.15 37.93 £r 5- 22 74 n.93 



28 44 

28 4) 

6 I- 25.15 37.93 Tm Z- 23 66 12.05 27.35 



N 0- 1433 29.60 Ce 2« 1O.05 5.47 

N O* 14.53 29.60 Pr 2* 10.55 5.42 

N O* 14.53 29.60 NO 2« 10 73 5.49 

N 0» 14.53 29 60 Pro 2- 10.90 5.55 



N 3- 77.47 97.89 Br 6- 08.60 59.70 
O 0- 13.62 35.12 Ti 2* 13 50 6.82 



20.22 



B l« 25.15 37.93 Lu 3' 20.96 13.90 

C I' 24.38 47.89 N 2- 29.60 14 53 28 14 

10 C I* 24 38 47.89 V 3» 29.31 14.65 28 31 

C 1* 2438 47.89 Tc 3* 29.54 15.26 27.47 

C I * 24.38 47.89 fiu 3- 20.47 16 76 27.04 

C 1. 24 38 47.89 Sn 3« 30 50 14.63 27.14 

N 0* 14.53 2960 Sr 2- 11.03 5.70 2741 

15 N 0' 14.53 29.60 la 2- 1106 5 50 2750 

27.82 
28.16 
27.92 
27.68 

20 N 0» 14.53 29.60 Sm 2- 11.07 5.63 27 43 

N 0* 14.53 29.60 Eu 7* 11.24 5 67 
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Three Electro n Transfcr <T wo 5 oe c*es) 

15 In another embodiment, a catalytic sysiem that or ov ices an energy 

hole Mnges on the transfer of three electrons from an ion to another ion 
such that the sum of the electron affinity and two ionization energies of 
the first ion minus the sum of three ioni?ation energies of the second ion 
is Is approximately 27.21 eV. A catalytic system that hinges on the 

20 transfer of three electrons from an ion to a second ion involves LI" and 
Cr^ 4 . For example, the electron affinity, first ionization energy, and 
second ionization energy of lithium are 0.62 eV, 5 392 eV, and 75.638 eV. 
respectively. And, the third, second, and first ionization energies of 
Cr~* are 30.96 eV, i6.50 ev. and 6.766 ev, respectively, the energy hole 

25 resulting from a three electron transfer is appropriate for resonant 

absorption. The combination of LI' to U ? * ano Cr 3 * to Cr, then, has a net 
energy change Of 27.42 eV. 

27 A? eV - Li" • Cr*- • \^ j u?* « Cr ♦ l{^ : ^-^ ]♦ l(p • i) ? -p 2 Jx 13.6 
ev 

30 (68) 
Li ? * - Cr - • Cr 3 * • 27 42 e v (69) 
And, the overall reaction is 

H [p ] " '{i7^T) ] ' ,(D * 1,2 0?l x 13 6 c V (7o) 
35 T free El ectron Transm it wo Species) 
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tn another embodiment 3 <-3(oivtir ^\n», fh,» 
hole « T on „e transfer 0 , ,^eT^^™^ ^ '» 
•nolecule ,o another atom. i 0 n. or mo.ecu.e sue, ,h,» the 2, ol't " 
consecutive i„ teaiion P) , ei - 0I ,, ol p c - m < "™ 

">e sum ol conserve ionization enera.es or ™1 " 
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A 9 and Ce** Fo r examp.e. the l,rs, second, an. t h jrd ion i2 at ion " " 

com^nationolAgto/^-ancJCe^ to Ce then h^TnTJ 

of 27.38 ev. ' J 3 net enpr 9y Oange 

27.36 CV ♦ An * CE-3* * ] »„5. rv. J **> 1 

eV 



(71) 



(73) 



**** * CC ~ A ° * Ce3< ' 2-7.30 oV 
And, the overall reaction is 2) 

20 4p ] '{^"n ] * I'P* t>2-p2)x 13.6 ev 

nydrogen atoms are given in the t"onZ^ 'm* 'ZZLVlT^ 
consecutive ionization energies i En . , £ „ , , f ,7 °' ' hree 
25 Oonat.no species DS mi«. e „ "' 2 - ° the el<>ctr °'> 

9 s ^ ec,<,s - DS - "Tee consecullve ionization enerqies IE , 

"-i -IE*, of the electron accepting species AS equals 
approximately 27.21 ev. ' 9 

05 ,E « 'U. I IE„. ? AS 

50 B 0- 0 30 25.15 37 93 Sc 

B 0- 8.30 25.15 37.93 ?r 

B 0- 0.30 2SI5 37.93 Yd 

c 0- I 1.26 21.36 -57 89 Te 

C 0* • 1 ?6 2438 4709 Tl 

35 N o- 1^53 : .o 60 ^ 
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Ce I* H)85 20 20 .56 76 Srn 3- 23 40 11.07 5.63 2770 

15 Ce I * 10.85 20.20 36.76 Dy 3- 22.00 11.67 5.93" 2741 

Cc? I* 10.85 20.20 36.76 Ho 3- 22.84 11.00 6.02 2715 

Co l • 1085 2020 36.76 Er 3* 22.74 11.93 6.10 27.04 

Ce 1* 10.8.5 20.20 36.76 Lu 3» 20.96 13.90 5 43 2752 

Pr l* 10.55 21.62 38.98 Sc 3* 24.76 12.80 6.54 27.05 

20 Pr !♦ 1055 2162 30.98 2r 3* 22 99 13.13 6.04 28.19 

Pr l« 10.55 2167 38.98 Yb 3* 25.03 12.18 6.25 27.69 

NO I * 10.73 22 10 40.41 No 3* 25 04 14.32 6.88 2700 

nc 1 • 10 73 27 10 40 41 Hf 3* 23 30 14.90 6.60 20.44 

P rr> }* i n on 22 30 - J JO M« 3* 25 0*2 '^32 6 88 00 Of* 

25 5m h l I 07 23 40 4140 Tl 3* 7749 13.58 6.02 2798 

Eu 1* M.24 2490 42,60 V 3« 7931 1 4.65 6.74 28.04 

Eu 1* 1124 2490 42.60 Mo 3* 2716 16.15 7 10 28.33 

FiJ I* 11.24 74 90 42.60 5b 3* 25 30 16.53 8 64 28.27 

Go* Iv 12.09 20 63 44.00 Bi 3- 25.56 16.69 7.29 27 18 

30 T b I* M 52 21.91 39.80 Hf 3- 23.30 14.90 6.60 28.43 

Oy I- 11.67 72.00 41 SO 1i 3- 27 49 1350 6 82 78 08 

Ho I- I! 80 77.84 42.50 Bi 3- 25 56 1669 7 29 2760 

£r I- 11.93 727* 42.60 Bi 3- 25 56 16.69 7.29 2773 

Tm I- 12 05 23 68 42 70 V 3* 29 3 1 .1465 6.74 27 73 

35 Tm 1* 1205 23 68 42.70 Mo 3- 77.16 16 15 7.10 28.02 

Trn l 12 05 23 68 42 70 St) 3- 25 30 16 53 8.64 27 96 
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ABBLUQM&L C^ALYJ±^LNLRC^Y_ HOLE ST RUC TURFS 

20 £ln,qfe Electron Trans fer 

in a further embodiment, an energy hole of energy equal to the total 
energy released for a below -ground state" electronic transition or the 
hydrogen atom is provide t>y rh#» iru^r^r nf ? *> electron Set\v*>™ 
participating species including atoms, ions, molecules, and ionic and 

25 molecular compounds In one embodiment, the energy hole comprises the 
transfer or an electron from one species to another species whereby the 
sum or the ionization energy or the electron donating species minus the 
ionization energy or electron affinity or the electron accepting species 
equals approximately ~ 27.71 ev, where m is an integer. 

30 f or m ■'■ 3 corresponding to ihe n * I to n - 1/2 transition, an 

efficient catalytic system that hinges on the coupling of three resonator 
cavities involves arsenic and calcium for example, the thiru ionization 
energy of calcium is 50 900 w This energy hole t 5 obviously too high 
for resonant absorption However, As(l) releases 9 81 eV when it is 



WO 94/29873 



reduced to AS The to,: o. erf- ,o C .a- ana as* in As .he., n- 

nei energy change of 4\ I pv ' * 



4 I . I eV • Ay • 

ev 



■<&]—■*>■ .fa* Yi ].„,.. ,„.,,.,„ 



As * Ca 3 * as * • ca?« 
Ana, trie overall reaction is 

H | ] ~* '[(T^T) } • ^ p * 1)2 'P 2 ) * 13 6 ev 



(7/1) 
(75) 



(76) 



10 



Cataiy ,c systems that Hinge on the transfer of an electron from an atom 
or ,on to another atom or ,on capa,»e of producing eneroy ho.es of 
approx.mately ,00 eV corresponding In energy to the „ - , to tnc 
electronic transition or parogen ore given in the following laWe J ? 
Mnu-on energy c the e.ectron donor. t£n . mlnus (ne ion L,on en Py 
of the e.ectron acceptor. lf(n . equal approximately ^08 ev 
lb Catalytic ir ^ 

Donat.ng " ***** ,E " 

Atom or , on l m 7 

Atom or Ion 

20 K?- 45V2 9757 <".I6 



?5 



30 



CMUalLXIiLCtr en J.rjmsl£r 

An energy ho .e is prodded Py the transfer of multiple electrons 
between partic.paUng species inducing atoms, ions, molecules and 
on,c ano molecular compounds, in one embodiment. «he energy' ho.e 
composes the transfer of , electrons from one or more specks to one or 

a" .nines of the electron donating species m,nus the sum of me 
•on.7M.on energies and/or e.ectron an.nit.es of the e.ectron acceptor 
soec.es equals aoprox.matety = 27.2, 9 V where.m and , are in.egers 
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dPiLUJLABjOHS -- J^KU 

Txvo hycfcij?:i 3tr;» : f, i co:; tc form b chromic mok;<Uf. The 
hydrogen molecule 

?HK] - h 2 [?c- - yj? * 0 ] (77) 

where 2c ir, the mternuclear distance. Also, two hydrino atoms react to 
lorrn 3 diatomic molecule. 3 dihydrino molecule 

where p is an integer. 

Hydrogen molecules form hydrogen molecular ions when they are 
singly Ionized. 

N 2l 2c » V2" a 0 ) - H 2 f2c- = 2a,,]' * e - (79 , 

Also, oihydrino molecules form dihydrino molecular ions when they 
are singly ionized. 



* C- (80) 



Il>e JJydn^^^ej^oj^j^ ^ 

Each hydrogen- type molecular ion comprises two protons and an 
electron where the equation of motion of the electron is determined by 
«* U-hirai f ,eJ 0 which is p times that or a proton at each focus <p is one 
for the hydrogen molecular ion. and p Is an integer greater than one for 
eacn d.hydnno molecular ion). The different ial equations of motion in 
ihe case of a central field are 

mCr -rb? > Mr) (0I) 

m(2r« • rfl > = 0 (02) 
The second or transverse equation. Eq. (82). gives (he result that the 
angular momentum is constant 

r?0 = constant - L/m (Q3) 
where t is the angular momentum < fi ir > the case of the electron) The 
central force equal .ons can he fransformeo .ntc an orbital equation Dy ' 
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1 



the substitution, u ■ - n,e differential eoudtionof th* orn.i of a 
particle moving unoor e central force 13 

Because the angular momentum >r» constant, motion in only one pt 3 , 1( > 
need be considered, thus, l he orbital equation is given in polar- 
coordinates. The solution of Fa (04) for an inverse square force 

f(r> ^rf (OS) 



is 



I 



10 



i * e cos 0 

in— r - 

...Viz. 

V (07) 
L? 

r ° c k" ( i ~"e) (00) 
where e 1s the eccentricity of the ellipse and A is a constant. The 
equation of motion due to a central force can also be expressed in terms 
of the energies of the orbit The square of the speeo m polar coordinates 
!!:> is 

v2 . ( r2 • r ? 6 2 > (G9) 
Since a central force is conservative, the total energy. Z. is equal To the 
sum of the kinetic. 7. and the potential, v, and is constant ihc total 
energy >s 

20 J" m lf? ' r? 0 ? > ' v<r) , z = constant (90 ) 

Substitution of the variable u * and Eq. (03) intofq (90) gives the 
orbital energy equation 

' I ? , o 2 u 

?~ m n»5 jo?' * u I * vfu ~ >. - E (9J) 

Because tho pot em ,,-,1 energy function V(r) for an inver se square force 
Mela is 



50 



(0?) 



Ihe energy equal ion of U>e ortwi, Cq (91 ) 

l 1.2 

r ro mr' c 52 , - U?, - ku ' E (93) 



which h;,r; the r.(»tui ion 



r = 



JTi £ 



11 * 2Em mT k ~ 2 J cose 



where the eccentricity, e, is 



e-l».2Em^-2l.« (QS) 

Eg. (95) permits the classification or the orbits according to the total 
energy, f, a;; follows: 

'0 t < 0 e < I 

f o ( closed orbits (ellipse or circle) 

t >0.'e> | Parabolic orb, t 



15 



20 



25 



30 



c,^,, , ,' „ . hyperbolic orbit 

J anri ,s "^tant. the closed orbits are those for which 

T < |VJ. and the open orbits are those for which T i (VI. it can be shown 
that the lime average of the kinetic energy. < T >. (or elliptic mot.on in 

ZZZT^ " e ' d ' 5 1/2 U,3t °' the Umc 3ver ^e of the potential 
energy, < v >. ( T > = 1/2 < v > 

A 5 OCiiiOf.Mrajeci m tne One Electron Atom Section of The 
-^anono^^ n ~~ 
7echnom.es Publishing .Company. Lancaster. PA.. (199?) me electric 
averse souare forte is conservative; thus, the angular momentum of the 
electron, ft. and me energy of atomic orbUspheres is constant in 
*W«.oa (he orb,tspheres are nonrad.ative when the boundary condition 

circular. eM.pl.c. parabolic, or hyperbohc The former iwo types of 
so ut TO ns are associated w.tn atom* and molecular orbitals These 
solutions are nonradiat.ve the boundary conctmn (or nonrad.ation 
ven .n „>e One f lectron Atom Section of TMJMmw* *j£ e ime 

. master, pa. , , w> . 15 lnp oL>Wp of camo ^3 
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J our lei transform of the chdujo density (unction synchronous wan 
waves (raveling b\ the speed of bQht Tne boundary condition is mni 
when the velocity for every nomt on me orbit sphere is 

v„ ----- (%) 
m c r n 

5 The allowed velocities and angula- frequencies are related to r n t>y 

v o ~ r n t*3n (07) 

r — ----- (OR) 
m e r n ? 

As demonstrated in the One Electron Atom Section and by and Eg. (8.17) 
of The Unification ot S naceti me. the F or ces. Matter, and Ener gy nil Is, R., 
10 Technomics Publishing Company, Lancaster. PA, (1992). this condition is 
met tor the product function or a radial Dirac delta function and a time 
harmonic function where the angular frequency, o>, is constant and given 
by Cq. (90). 

*l 

l r j where I is the angular momentum and A Is the area of the closed 
geodesic orbit. Consider the solution or the central force equation 
comprising the product of a two dimensional ellipsoid and a time 
harmonic function. The spatial part of the product function is the 
convolution of a radial Dirac delta function with the equation or an 

*>n i>H <f-»vr» i r* f Ko r *m »»•■ ! r%. t ^.^^^r ~ ~. — . # » . . . _ i . .- , « « ... * • . 

- • — ...v- • vv». .c. i» o»»o» \j» »n \.irc v.viivviuuu»i v* LYVU lUHKHJllS IS 

the product of the individual Fourier transforms of the functions; thus, 
the boundary condition is met for an e Nipsoidal-time harmonic function 
when 

ah n 

u * = m7X " m^u (,00 > 
25 where the area or an ellipse is 

a * nab (101) 
where ?b Is the length o- the srmirnmor axis and 2a is the length of the 
semimnjor axis Tne geometry oi molecular hydrogen is elUpUc with the 
mtemuclear axis as the principle axis, thus, the electron orbrtaiis a 
50 (wo dimensional ellipsoidal- 1 ime harmonic function. The mass follows 
eeodpstcs time harmonically as determined by the central field of the 
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protons at lm> ,oci Rotational symmetry about the .M.rniri* ar , 

e»K>se,»i oron, ot molecular Ponding. Waller referred a" 
Ohpsoidal molecular ort.ta.s On o. - S ). have the w „ al eguat.on 
*> . ?? _ 

a 2 * b? ' c? " 1 (102) 
The semJpruKipie axes of the ellipsoid are a. o. c. 
»n ellipsoidal coordinates the laplarian is 

,,03, 

yivenoytq (102). it carries a total charge q, and it s notPnti^ ie • 
solution or the Lap.acian in ellipsoidal coord/nates \, i .03, 

txc.ted states of ortitspheres are discussed in the Exritrv, . 
of the One electron Atom (Quantization) Section or £ On n c aUon „, 

15 Publishing Company, Lancaster, Pa (1992) In the c^ nr 7. 

0. s. excited electronic states a,™ ^Z^Z J'^ * 
regencies are trapped in the eHlpsolda, resonator cavi y of ie rt 0 
The photon changes the elective charo* -,t >h» m n 

^« <-«i.iOCai with ine ground state Pllin^ni,i tk . 
are solutions or tn* i ell.p^o.o 1he trapped photons 

ut ons or the Laplaoan ,„ e.lipso.da. coordinates, Eg. , , 03 ) 

» - e q , L cas ;e w p,i:; 0 h : :~ e - hi9,wr 3n ° — «*™ ««« 

r^don standi,! ^ IT? " ^ C «*■ - 



Photon standing wavelength, x. is 
^aE = ra 
?r and where 
>T 3? - t>2 



4aE = ra 

30 where n is an integer and where ( l04) 



k = 

a (105) 
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is used in Uie elliptic 'hlegral t of £q. ( 104) Applying £es. < 10*1) and 
(105). the relationship between an allowed angular frequency given oy 
f.q (100) anu Ihfr photon standing wave angular frequency, u> is 
it h ft h j_ 

m t A & m fe n &| nr/, ^ m fc a n b n " itf 0)1 " ^ < »0*> 

c > where n = I, ?. 3. -1. . 
ill 
n ■ 2 > 3 • } - 

is the allowed angular frequency for n - I 

3j and t>j are the allowed sermm3jor and semiminor axes for n = i 

\0 Let us compute the potential of an ellipsoidal M. 0. which is 

equivalent to a chargeo* conductor whose surface is given by Eq. ( I02). It 
carries a total charge q, and we assume initially that there is no 
external field. We wish to know the potential, 4>, and the distribution of 
charge, o. over the conducting surface. To solve this problem a potential 

1 5 function must be found which satisfies Eq. O03), which is regular at 
infinity, and which is constant over the given ellipsoid. Now £ Is the 
parameter of a family or ellipsoids alt confocal with the standard 
surface 5=0 whose axes have the specified values a, b> c The variables 
C and n are the parameters of confocal hyperbolotds and as such serve to 

20 measure position on any ellipsoid ^ - constant. On the surface ( = 0; 
therefore, 4> must be Independent of C and n if we can find a function 

flpnonrlinn nnlv/ /\r> r wKirh *- ->♦ ir * c ^ \ ~~ ^ .. i ..... 

mfinity, It can be adjusted to represent the potential correctly at any 
point outside the ellipsoid ( - 0 
25 Let us assume, then, that i>«0 The laplaciah reduces to 

b 64> / — 

o5 <R ^ ) = 0 u r V«« * « 2 ) <t * b2) (e * c?> n 0 7) 

which on integration leads to 

r *C 

W = J J- <J03) 
t c 

where C i is an arbitrary constant. The choice of the upper limit is such 
30 as to ensure the proper behavior at infinity wnen ( becomes very large, 
tt( aporoaches £ 3/2 and 
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Si 



to 



* vr It -~ > <»<*» 

On tne other hand, me equation of an ellipsoid can be written in the r C rm 
_*L 9 V 7 # 2? 

' T 1 T 1 T 

If = x2 ♦ y 2 . 2 , i S the stance rrorn tne orjg ,. n tQ any pojnt ^ ^ 
ellipsoid C. it is apparent mat as { becomes very large { - r? and hence 
at great distances from the origin 

♦ -^ 

r (ill) 
The solution Eq (100) is, therefore, regular at infinity. Moreover En 
( 1 1 1 ) enables us to determine al once the value of c, ; for it has been 
shown that whatever the distribution, the dominant term of the 
expans.on at remote points is the potential of a point charge at the 
or.g.n equal to the total charge of the distribution - in this case q. 
Hence Cj e ano the potential at any point is 



GO 



0» r<> { i R £ (112) 
The equ.potential surfaces are the ellipsoids l - constant Eq (I l ? ) j s a 
einpt.c integral and its values have been tabulated (See for example 
Jahnke-Emde, lafijfisjjf ;. Fjunnicns. 2nd ed., Teubner, ( 1 933)) 

7o obtain the normal derivative w e must remember that distance 
along a curvUinear coordinate o< is measured not by <Ju» but by h,du» in 
^0 ellipsoidal coordinates 

2 R { (113) 

The density of Charge.o, over the surtace { - 0 is 



,M> q 



25 



t-0 m5) 



Def >nmg x . y . , in terms of U . C we put { - 0. it may be easi.y verged 
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a* V = aV D 2 c ?" <C = 0> Ml 6) 

Consequently, the charge density in rectangular coordinates is 

0 = wc~ ^ r . 1 7 ) 

(The mass density function of an M. 0. is equivalent to its charge densuy 
5 function where m replaces q of Eq. ( \ 17)). The equation of the plane 
tangent to the ellipsoid at the point xo, yo. zo is 

where X, Y, Z are running co-ordinates in the plane. After dividing 
through by the square root of the sum of the squares of the coefficients 
10 of X, V, and Z..the right member is the distance D from the origin to the 
tangent plane. That is, 

^ I 

~ (M9) 



a^ b« c * 

so that 



15 In other words, the surface density at any point on a charged ellipsoidal 
conductor is proportional to the perpendicular distance from the center 
or the ellipsoid to the plane tangent to the ellipsoid at the point. Ihe 
charge is thus greater on me more sharply rounded ends farther away 
from the origin. 

20 in the case of hydrogen- type molecules and molecular ions. 

rotational symmetry about the snternuclear axis requires that two of the 
axes be equal. Thus, the n o is a spheroid, and Eq. (112) can be 
integrated in terms of elementary functions 
If a > b - c. the spheroid is prolate, and we find for the potential 




(121) 



Spheroidal Force equations 
Electric force 
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'»* soheroiaai n o , S a two dimensional stride or constant 
potent*, g.ven oy Eg (>2.> lor t . 0 r 0 r an elated eteciroo n o ,hr 
electric held ms.de ,s zero a, given by Gauss" law 

5 where the charge density. P . Insw ,ho rt 0 is wrc Gauss" Law 3l 5 tvvo 
dimensional surface is 0 

"♦(£•!- E2> = - 

to (123) 

e ? is the electric r fekf .nside which is zero. The electric field of an 

e = _2 . _a L 

The electric field in spheroid coordinates is 



°"W £ ♦ a? t * t) ? c V £ 2 • n (,25) 
f rom f QS (106), the magnitude of the elliDtir now ™ 
«5 -ground state- hyd'oen-tyoe Z^r ! I ZT^L 

greate, than one in the case of each dfhydrino molecular ion The centra) 
elect. ,c force from the two protons, F e . is 

F e - zee . p ^~r~ l . L_ 1 - /"iT - ^ 

8w °V * * a 2 C ♦ b?c y f2 "~ (126) 

20 than' 7 0 " '* hy<,r ° 9en m ° ,eCU,3r ,on - ^ * 's » integer greater 
than one for each othydr.no mo.ecule and molecular ion. 

Centripetnf Force 

25 ™™ £3C " ,n " Wles,,n^, p0,nt ™« of the electron n. 0 moves a.ono a 
ano e C5 0 C T °' * SPhCr0,<,^, " ° i0 5UC " a -V «»« -centric 
^.Vr" " 3 C0 ° Slant ralC ^ * • - - « - is a 

'U) - locos tot - jbsin w t - 
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20 



>s ihp parametric equation of the ellipse of the geodesic if a u> denotes 
thf acceleration vector , then 

3(1) ■-- -4i>?r(t) ( r;e ) 

in otto words, the acceleration is centripetal as in u.e case of circular 
rr.ot ion wi!ii constant angular speed w ihc centripetal force. f c , is 

F c = ma ■ -m«»?r(t) U29) 
Recall thai nonraoiation results when to - constant given oy r q uo6) 
Subst itut ion of <* given Dy Eq. 006) into Eq. ( 1 29) gives 
- h? - 52 . 

Fc= mea^ r(l) = m e a^ D "30) 
where D is the distance from the origin to the tangent plane as given by 
(I 19) 

ff X is defined as follows 

I I 



^TT~+ a? O I* c A/ ^ 
Then, it follows from Eqs. (114). (120). (124), and ( 1 26) that 
15 D = 2at>? X 

Force balance between the electric and centripetal forces is 



(131) 



(132) 



R2__ 9 pe2 
which has tne parametric solution given Dy r : q. (127) when 

3T5 T" (134) 



Energies of Hydrogen- Type Molecular ions 

From Eqs. (106), the magnitude of the elliptic field corresponding 
to a oelow 'ground state" hydrogen-type molecule is an integer, and the 
integer 7 he potential energy, v e , of the electron n 0. in the field of 
25 magnitude p times thai of the protons at the foci it = 0) is 

v _- *Pe? , « • V a ? - t> 2 

where 

^ 3? " (.36) 
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2c; is the distw.ce between the foci which .5 the .nternuclcar distance 

The *metic ener 9y , 7- of lhe t5cclronM q fS grv( , n ?hc 

left side of Eq ( 133) 00 

t ■ - -ISL^ yn ^V^L: ,f>g 

From the orbits eouation* m polar coordinates, Egs. (86- 60) the 
following relationship can he derived 

I? 



(1.17) 



a = 



k (» - e2) < 138) 

For any ellipse; 

t> « aV 1 - e 2 

10 Thus n39 > 



0 * a 
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Kb ' <po,ar coordinates) ( MQ) 

Using Cos. (130) and U^, 3 nd (92) and (i 37), respectively it can he 
appreciated that 0 of polar coordinates corresponds to C „r 
elliptic coordinates, and k of polar coordinates w>th one attracting focus 

rep aced hy 2K of elliptic coordinates with two attracting r t 
elliptic coordinates,!: , s given hy Eq < f 24) and ( 1 26) 
k . -&3* 

4*Co (Ml) 
^d t. for the electron equ als n, thu s, in elMptlc coordinates 

V me?2p3 V 2p H42)- 

Substitution of a given by Eq (134) into Eq ( M2) Is 

C - 22 

P <M3) 



7he internudear distance from Eq <M3) l5 ? c - , ?£9 
One hatf u>e tenoth or the semiminor a».s of the /olatc spheroidal n. 0 . 
' 0 - Va? - c 7 ? 
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Substitution of a * ? ~ and c = mio Kq ( m/j) is 
P t> 

r ^ 

l ' * ~"p a C (145) 

The eccentricity, e, is 

2<>o <>o 
5 Substitution of a « — and c' s — into Eq. ( M6) is 

1 

The potential energy, Vp, due to proton-proton repulsion in the field of 
magnitude n times that of the protons at the foci (f - 0) is 

v °~^frrr? <M0 > 

10 Substitution of a and t> given by £ur>. < 13-1) and (M5), respectively, into 
Eqs ( I35), (137), and (MO) is 

P?e? 

O^o" ^ 3 

15 L : T-V e .V 0 .T (152) 

F.T - 13.6 eV ( -4p2]n3 * p? - 2p??n3 ) (153) 
The bond dissociation energy, Ed, is (he difference between the binding 
energy or the corresponding hydrogen atom or hydnno atom and Et. 

ED-EO-fj ]>-ET (154) 

20 vibration 

It can be shown that a perturbation of the orbit determined by an 
inverse Square force results in simple harmonic oscillatory motion of 
tne orbit, l or the case of a circular orbit of radius d, an approximation 
or ine angular freouency of this oscillation is 



75 ,oz V -v ~ (15^) 
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Osa.launo charges r MlMf However, mo.ecu.es and modular l0n 
mc udu.g me hydrogen molecule. ,n e hydrogen molecular !01 , d.hyqnno 
molecules. ,nd d.hyorino rno.ecu.ar ions demonstrate nonrad.ative ? er„ 
order vipranor, wn.c, l5 lmK . harmonic osculation 0. Ihe portion ol >nc 
> colons .long the principle ax.s ,ne protons are located a. the Joe, and 
nonrachation i S due .0 the geometry 0/ Ihe ellipse where the electron M 
O. is ellipsoidal A fundamental property of an ellipse , s that a u m r 3v 
emitted from a focus In any erection ,5 reflected off of ,ne ellipse to 
the other focus, and the sum of the leng.hs of tne ray patns ., constant. 

An oscillating charge r 0 U) - d sin^t has 3 Fourier spectrum 

2 Jm(kcosOd)|«»-(,„. l)« 0 J.6lw - <m- >)<*>)) (156) 
where J m - s are Bcssel functions of order m. These Fourier components 
can and do. acquire phase velocities that are equal to the velocity of 
MQht. consider two oscillating charges at the loci o, an ellipsoidal 
resonator cavity, an ellipsoidal n 0. A nonradiative standing 
electromagnetic wave can oe excited which has higher order haMnonic- 
>n addition to the fundamental frequency as given in Cg ( ,56) This 
nonradiatwe standing wave gives rise to zero order vi Oration of the 
molecule The zero order mode is a standing wave with destructive 
•nterference of all harmonics of the fundamental frequency ^ a ray 
undergoes a .00' phase snut upon reflection, and the protons osci. Je 
m opposite re.at.ve directions, ihus, mutual destructive interference 

ray Is equal to a wavelength, a. where \ is 
h 

A - - 

mv (,.j 7) 

U lollows thai 

v , _»L . JL 

ma * mx (.50) 
Tor time harmonic motion. 

i0 v -- v = -"■A'JJfiiUJ) 

■Mrape j-- ()59) 

Ine kinetic energy. T, is given by 

? (.60) 
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Ihe viDrailonal energy 0 f the proton., W is m,uuI to tr.r maximum 
vibrational kinetic energy of the protons Substitution of Eos ( ISO) and 
U59) rntoEq (160) and multiplication by two corresponding to The two 
protons is 

1aT «* 7 ? m ^2 t ^ 2 >?i? |--2 (16.) 
The vibrational energy is Ihe sum of Ihe vibrational energy of the 
electron fi 0 and that of the protons which are equal 

4h£ 

vib = mx? < 162) 

where m is the sum of the masses of the protons, each of mass m p 

m * m f> (163) 
And, X Is ?a. Thus, the vibrational energy is 

6 ,JSL. 

v,t> m p a? (164) 
For a in units of a 0 , 

vih " a2 cV (165) 
The time average Internuclear distance Is increased oy the zero order 
vibration because ine total energy verses internuclear distance function 
>s asymmetrical with a lower slope for internuclear distances greater 
than the internuclear distance at which the total energy is a minimum 
Elongation occurs along the principle axis, and shifts the the total 
energy ^ IMfS iniernticiear distance function to a new function which 
includes the contribution due to vibration The perturbation of Et the 
total energy of then O. given by Eq. (152) with a fract.onal increase in 
«he semtmajor axis. a. and the reciprocal decrease in the semiminor 
axis, b is calculated by reiteration The angular freguency of the MO 
given by Eg ( 100) Is uncnanged when a and b are changed by reciprocal 
fractions. The corrected a and b are obtained when the change in Et is 
egual to the vibrational energy The vibrational energy is the sum of two 
equal components, the vibrational energy of the protons and the 
vibrational energy 0 f the electron M. o Vibration causes a redistribution 
of energy w.thin the molecule Ihe MO potential and kinetic eneroy 
terms given by Eqs < I.SS). ( 137). and (140) add » radians out ol phase 
with the potential and lc.net ic energ.es of vibration; thus the energy of 
me molecule wii; decrease by ibis amount which is equal to one hair the 
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vibrational energy An xX increase in u.e semima|or ax<s and the 
reciprocal decrease in the semiminor axii, decreases Ej Dy the 
vibrational energy and releases energy eoual to one half vibrational 
energy. 

b Substitution of a « < | . ™-)»^>nrth ^ 

M ^9). 1150). and (15?) and (I VI) with the reduction of the total 

energy by one halt the vibrational energy i S 

Eg. ( 166) Is the bond dissociation energy where £ vit) » s givcn oy Eq , , 6V) 
.0 Substitution of a = (I < ,nlo Eg (.65) is 

r 039_ 

I too' P J 

Zero order vibration arises because the state is nonradiative and is an 
energy minimum. Furthermore, electromagnetic radiation of discrete 
energies g.ven by Eq (.65) can be trapped in the resonator cavity where 
J «*»l"»«»ve interference occurs at the toe. These standing waves 
change the electric field at the ellipse surface as described in the 
Excited States Section of IhU&UuMSUlLSiauit m*. the Forr,. 
OmfiL^DdJjjfirto, Milts, R.. Tecnnom.cs Pubflshino rnm^rw , ^ etm . 

20 ot t^mo.ecu.eg l venbyEgs.(M9).< l 50).(.S.).and(i5?),nr re ases 
The . photons of these standing waves drive the vibration of the molecule 
a . h.gher frequency than the zero order frequency, but are reradlated 
The energy of a vibrational transition , s given by .he di.ference of the 
sum of the energies of the modes excited before and after the transition 
25 The modes are ouantized. and from to , , 65 , (ne eftergy 

modes ,s closer together as the total v.brationa. energy increases. 

Excited Electronic States ol Ellipsoidal n o s 
30 ft , m C n Ci,?C5 5,3,eS ° f ° rlM,SPn - r " 3r? "'bussed , n the Excited States 
.^eataiffij^hSL^ n„.s. n. Tecr^xmcs 
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Publishing Conwy. Umas 1(f r. P A . ( 1 992) fn (he case ol t-ll.osoidal ri 
0 s. excited electronic sou* are created when photons ol discrete 
frequencies arc trapped in the ellipsoidal resonator cawiiy ol then o 
The photon conger, the effective charge at the r, o surface where - h . 
central field is ell.psoiOa, and arises from the protons and the effective 
Charge of the- trapped photon at the foci of the M 0. force balance »< 
achieved at a series of ellipsoidal totipotent ial two dimensional 
surfaces conlocal with the ground state ellipsoid. The trapped photons 
are solutions of the Laplacian in ellipsoidal coordinates, Eq. ( 103) 



Magnetic Moment of an f llipsoidal M. 0 

The magnetic dipole moment of a current loop is 
m " iA 

The area or an ellipse is g,ven by Ca < 101). for any elliptic orbits) ™ 
'5 to a central field, the frequency, f, Ss 

L 

m 



?« at> (169) 
where L Is the angular momentum The current, i, is 



t - el 



eL 



2t> ah (170) 
20 where c is the charge. Substitution of Fos n 70) an* r inn ,ntn rn m 6 *> 
where L Is the angular momentum of the electron, n .is 
eh 

M% ~2m (171) 
which ir> the BorV magneton. 

25 Magnetic FiekJ of an Ellipsoidal M 0 

The magnetic field canoe solved as a magnetos* at k boundary value 
orooiem whicn IS equivalent to that of a uniformly magnet fred ellipsoid 
See Mratton. j A AJmr.^W^iLltmK^ ncGraw-nm DooX Company 
«»94i), o ?b ;> lhe m3gn( , tiC 5ca j 3r polenUa| if>;;kJ{? me eMlJ)S0|(Ja| ' 
30 O. <J>\ js 
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-"One.* 5rala , MM J KS<1 n _ ^ ^ 

dr -■ ^ v- f _ os 
Tl'e magnetic field ui5;ioc (tic cllipsoiilar ft o „-„ „ 

5 h- x . -5t,^ r__, js 

The magnetic fiM,t • , 0 3 )Rs (,?4 > 

«* «i « "» rt o. „ ^ orm and para((e) ^ 

WDROGEti-TYPE MOLlCUlfS 
10 Force Balance 

3nd lhe ™™*g centripetal ,or c " 7"^" 3 ce " tr ^ga, force 
electric force between tne ' ecT, L V e ' CCt '° n) * s ™oceo by the 
»5 the magnetic force .o^lZ Z^ ^ « 
■»"■■ '« ^e present case of ^rol C3USin9 "* «>«*™s to 

eoua,s yL u>cn thf> molecules. fhc eccntnc.lv 

— .ect.onon.e^enc^^J 

nec,™ A , om Scc „ m ' £ » »' "* Two 

L.io ^ 2 ' n ^ 23 ° ?X C75, 
i>a pa = 1 

f t?6) 
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Subst nut ion of Co <» 77) into ( i A7) j s 

j 

P V~2 "° <J 78) 

Substitution of Eos (177) and (178) mlo tq (M4) j S 

P V 2 C 179) 

Substitution of fqs. (177) and (176) into Eq (146) .5 

e - ----- 

^2 (100) 



Hon 



10 



The eccentricity is ^ ; thus, the present self consistent soluti 
which was obtained as 3 boundary value problem is correct 
^he rnternuclear stance given by mulUplying fc< (178) by two i 



20 



Energies of the Hydrogen- Type Molecules 

< 1 153), apply ,n (he case of me corresponding mo )ecu.e And 
each mo.ecu.ar energy component ,s g.ven b y the Integra, of 

oTaTrt: 9 , f0fCe >n ( ,75> C WCh component is the 

total, for the two ecoivalent eiectrons. The parameters a and h are o.Ven 

-7=^iSiL= , n -_ b 2 

P e? 

°*WT2 - b 2 (102) 



2m e aVl? - t>2 "'a - V^r'rj? <'83) 

The energy, v m . corresponding to the magnetic force of Eg ri75) is 

Vm= y^L^ , n j^ljfe. -_ b? 

^m e aV a 2 - b 2 a . - „2 ( ,84 > 



?*3 



(103) 



WO 



Cl - - 13.6 eV 



66 

P ? V2] \h * l 



[2^2 - o*J5 • ^], ft . p? ^J (J86) 

t(2»|j' -2[.-l3.6cV ,, 67) 

The bond dissociation energy. tz>. is the difference between th* binding 
5 energy of the corresponding hydrogen atoms or hydrtno atoms and l^ 

ED-«2^])-ET ( ,oo) 

As in the case of the hydrogen-type molecular ion. the time 
averaged internuclear distance Is Increased by the ?ero order molecular 
vibration. A y% increase in the semimajor axis and the reciprocal 
JO decrease in the semiminor 3xis releases energy which is equal to one 
hall the vibrational energy 



Substitution of a - ( 1 « ~ and b 



1 



100 p 3nyt >- — J= a a into tqs. 

ioo ; 

(181-100) with the reduction of the total energy by one half the 
vibrational energy 1s 



I5 E D -E(f{j]>-£ 7?eroor(fer -^ 



( 169) 



Cq. (189) is the bond dissociation energy where F; vib is given hy Cq. (190). 



2*o 



y . 3 0 

v 1 * Too'' "p~ ,nl ° tq * 1 G5) is 

r _____ 059 

I *oo' pj 

THE HYDROGEN MOLECULAR JON H 2 ( 2c* « ^2 a 0 j* 

Force balance between the electric and centripetal lorc.es is given 
by Ea (133) where p - r 

_jV_ e ^ 

m^b? - —X (191) 

which has the parametric solution given by Ea ( 127) when 
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Ti* se^imajor axis, a, is a)*o given by Eq. (134) where p * I The 
fnternuclear distance. 2c\ ivhlcli is the distance between cne fori ,s 
given by Eq ( M3) wnere p * I 

r Th 1193) 
-j Tr* experimental intemuclear distance is 2a 0 

7h{- s«mimir.or a>:rs is given Dy Co c M5J where d = I 

me eccentricity, e, is given Dy t'a (147). 
} 

°" 2 (195) 

ro 

Energies of the Molecular Hydrogen icn 

The potential energy, v©. of tne electron M 0. in the field of the 
protons at the foci <£ - 0) is given by Eq. OJ5) where p = r 



15 The potential energy, Vp, due to proton- proton repulsion Is given by Fa 
(MB) where p * t r M 

Vp . — 

The kinetic energy. T. of the electron M. O is g.ver, by Eg (137) where p « 



Subsmut.pn of a «-,nd D given by Eqs. t .92) and ( ,94). respect Ively, into 
fqs <t96), (197), and (198) is 
-4e ? 

Ve= 8^ ,n3 = "59 763eV (,g 9) 
e 2 

Vp= 8nto3 0 ■ 136 eV (200) 

75 T * 8^ ,n ^ 79.88 ev (2C|) 

f t c v e ♦ Vp . T (20?) 

ET- -1 6.282 ev (J?03) 
C« "KJ ) * -13 6 eV 



tl = V e . v p - T 
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U - IJ6cv( -4ln3 - l - 21n3 ) (2QS) 
Hie bond dissociation energy. Ed. is tnc difference between the binding 
energy of the correspoiKJir.o hyoroqen atom ana E T 

F[) ■ ft H[;i,.] )- El - ?.68 eV (?06) 
Eqs (199-206) are equivalent to Eos ih)9- 154) where p = I 

Vibration 

It can be shown that a perturbation of the orbit determined by an 
inverse square force results in simple harmonic oscillatory motion of 
the orbit. Zero order vibration artses because the state is nonradlative 
ana is an energy minimum. The time average intemuclear distance Is 
mcreased by the zero order vibration A 0. \% increase in the semimaior 
axis and the reciprocal decrease in the serolminor axis decreases E T by 
the vibration energy' and releases energy equal to one half the vibrational 
energy. Substitution ot a - 2.002 a 0 and b - 1.7303 * into Eqs (196) 

< 197). < 198), and (20-1) and (206) with the reduction of the tola) enerqv 
by one half the vibrational energy is 

CD - C< »(a„J ) - E Twoorifc) . - i-Vi* . 276 eV ^ 
£0 <207) is tne bono dissociation energy where E vib Is given by F u (206) 
The experimental value is 2 70 eV. Substitution of a = 2002 a 0 Into Eo 

< 165) is * 

E..;j. • 0 147 pv /or>0 , 

THE HYDROGEN MOLECULE H 2 [2c - yJ5 aj 
25 force Balance 

The force balance equat ion for the hydrogen molecule is given by 
fo (175) where p -• l 

jg , 9 e2 n 2 
m e3 ? 0 ? ^ 3D x - « ~ * ' ^5^2 ?* 2 X (209) 



20 



30 



which has the parametric solution g.ven by Eg. (127) when 

a * 3d. 

The semimajor axis, a, also given oy £q. ( 177) where p » I m c ^'^ 
mterauc.ear distance. 2c . wn.ch , s t i« distance between the foci is 
9»vcn oy Eo (I7«/ where p - 1 

v 0 (?il) 
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C>9 



t r 3 



elemental inlernuciear distance .s VI a 0 
I he r.cmimfnor axis ir. given by Eq. (i79> where p . I 

D * 7? 50 

Mk- eccentricity, e. is g>ven t>y Eg (180). 



-75 



(?I3) 



Energies of the Hydrogen Molecule 

where 7- °' "* m °' eCU ' e ™ 9 ^ * ^ <'«'-87, 

10 v P - -^L. :I , ft a. * V a? - b 2 

Vp "s=7#^-'a»ev C2i5) 

2m c aVa^TT? % . ^f~^-~&2 = 33906 eV <2'<>> 
The energy, v m . of the magnetic force is 

Vm- ~iL=_._- ln ?,„-_V ailbf „ 

4m,aV a? - b? a - VT^ b2 " " 9533 eV (217 > 



r . 



<2I8) 
(219J 
(220) 
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E( 2H(a 0 ] ) = 77.21 ev 

The bond dissociation enemy Fn k tr ^ , " * 

enerov of ihp mr rfi , difference between the binding 

energy of the corresponding nyorogen atoms and El 

f0-C(2Hja o J ) -E7- 4.43 eV (22f) 
viDranonai energy is J X a " the 
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tO ' C(2 M| a 0 ] ) - ET» 0 - ~* • -?7.2i . 3 I 94 = 4 73 eV (22 2) 
lQ (222) is the bond dissociation energy where E vib is given by Eg. (223) 
ir* experiment >i value i: 7!, ,. v Substitution of a =» 1.005 c 0 into To 
(165) 15 

Evil.' 0562 ?V (2 23) 
Ihe experimental value is 0.55 ev which is calculated using the quantum 
harmonic oscillator approximation with the experimental value of the 
first vibrational transition. 



10 THE 01 HYORI NO MOLECULAR ION H* 2 [ 2c = a„ } * 

Force balance between the electric and centripetal forces is oiven 
by Eq (133) where p = 2 

h? 2e? 
n^o? ?3t > 2 * ■ 4— X (224) 



t5 



which has the parametric solution given by Eq (127) when 

a - ao 

(225) 

The semlmajor axis, a, Is also given by Eq. (?34) where p - 2 The 
imernuclear distance. ?c\ which is the distance between the fon i* 
gwen by Eq. { M3> where p - 2. 



2c- - 3 0 

20 The semimmor axis is given oy Eq. ( I 45) where p = 2 



(226) 



The eccentricity, e. is yiveo t>y Eq. (M7) 
} 

e = - 



(228) 



25 Energies of the Dihydr mo Molecular fonN* ? [? c - - a 0 ] * 

The potential energy, v e , ot the efecironri. o. in the field of 
magnitude twice thai of it* protons at the foci « . 0) is given by Eq. 
(J35) where p - 2 

v e ^ML^ , n a^5G ° 2 
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The potential energy, vo. cue io proion-prolon rpnulsion in the field 01 
magnum* twice thai of I r>e protons at the foci C{ = 0) * give n by Eq ' 
( MC) where v ~ 2 



?ej[_ 

5 3he lonetic energy. T. «i the electron 11. o i S given by f Q ( i 3 7) where p = 

T= 2h ? , t a * V a? - bj 

m c a^T 3? - "b2 % - V a 2 D 2 <23l) 
Substitution of a and b given by Eqs. (225) and (227). respectively into 
Eqs. (229). (230). and (23 I) is 
io „ -»6e? 

Vf = 8^a7 'n3--23ft058eV , 2J2) 

oe? 

V » " »* fo 7 0 = S4«2 ev (?33 , 
Oe? 

Ti F^a~ '"3- na»ev f234) 



Hit)- -544 eV 



(235) 



(236) 
(237) 
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F.7 • V C , V p . T 
Ft - I3 6ev<-I6in3 . A . 0ln3 ) * -65 09 ev 
The oona association energy. E ( >. is the difference between the binding 

CO c E< I j|°J ) - El = 10.69 eV (2;50) 
Eos. (232-238) are equivalent to fas. (1^9-754) where p ■= 2' 

Vibration 

it can be shown that a perturbation of the orbit determined by an 
'nverse square force results ,n simp)e harmonic oscillatory motion of 
11* orbit zero order v.prat ,on arise* because the state is nonradiative 
and ,s an energy mimrnum The time average interred ear distance is 

^ZT' 2eC ° ° r0Cr V * r3U0n A ° ' 5% »> »* sermmajor 

-.is ano the reciprocal decrease m the semiminor axis decreases E T by 
ll>e vibrational energy 3 r,d releases enerpy equal to one hall the 
v i,a.,ona) energy. Substitution Of 3 - I 00.5 a 0 and b = 0 6647 a 0 into 
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FOS (229). (230). (23 , ). C23w ; , rrfJ C238) wj(f> lh(> rc 
10131 energy by one- hall ,he vibrational energy ,5 

FD - El iff] . - fl^^ - 'f ■ • 65 .59 - ,0.99 , 



£2J9) 



Fa (239) .s Ih* p 0 nd d.ssooat.on energy where E V1 „ ,s give,, 0, EG (240, 
.'3 Substitution or a . 1 00 15 a,, into Eq (165) is 

f vlb = o r>08 ev 

(240) 

THE DIHYDPINO MOLECULE H" 2 ^2C - J 
Force Balance 

'0 The force balance equation for the dihydrmo molecule 

H *4 2C " ] ' 5 9 ' Veri Dy Cq ( ,75) wht ' , e P = 2 

m^V 23b ' X ' X ' 2^-5 2ab2 x (?4|) 
which has the parametric solution given by fcr, (127) wnen 



"■?■ 



(242) 



15 The semimajor axis. a. is also given by Eq. ( ,77) where p * 2 The 
tntemucear oistance. 2C. which is the distance between the foci is 
given by Eq. ( 1 78) where p = 2. 

" A " " T2 *° (243) 
The senuminor axis is given by Eq. (179) where p = 2 
20 . 1 

C '?f 2 " So (244) 
The eccentricity, e, is given by Eq oeo) 
I 

e - -7= 

V 2 (245) 



Energies of me Oihydrino Molecule H- ? | ?c - . ^ J 

The energies of ine dihyc 
by Eqs (181-167) where p ■ 2 



25 Tne energies of ine dihyor ino molecule H*'J? C - - -~ n 1 

I ^2 J 3rf * 9 ' VCn 
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The energy. v m . of try? magnetic force is 



1 • 



m " ^tztz ,n r "75^2 * ~ 67 8069 ev 

ET - v c o . v m . v p (250) 

ET - -,3.6*[(.V5 - W5 . f )„ f^i - WF]- -,265 ev l25l) 
E(2,{|J;,- 2 ( 5 ^, eV (25?> 

The bond dissociation energy, E 0 . is the difference between the binding 
energy of the corresponding hydrino atoms and F.T. 

t-D = E< 2 I ) - f T - 1 7.688 eV (253J 
As in the case of the d.nydr.no molecular ion. the time averaged 
" •-' ••«■"■•*•«:«' vy »»e *ero oroer molecular vibration 

A 0.7% increase in the semimajor axis and the reciprocal decrease in the 
sem .minor axis releases energy which is equal to one half the 
vlhrat.ona. energy. Substitute of a = 0.5035 a 0 and b = 0.1551 a 0 into 
EOS (246-253) with the reduction of the total energy by one half the 
?0 vibrational energy i s 

ED ' E( 2 lJ- 2 « J ) - E T?eroort t, f - - - ,08 o * 127.66 * 18 86 eV (254) 
Eq (254) , s the bond dissocial ion energy where f yj „ is given by Fq (255) 
5ubr>( nut .on of a - 0 5035 a„ into Eq ( 165) , S 

2S ^ = 2 33 CV (255) 

foni?ai ton rnery>es 

The r>rsi location energy, IP,, of in e Ofhytfrino molecule 
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, 

°- (2 r >6> 

is given by Eoi> (?36) and (250) with zero order vihrat ion. Eos (239) and 
(254), lespeclivety 

iPl - L*1(M^[ ? C . a ft ] V t 7 <M^[?C ■ A--* ]) (257) 

5 iP| * -63.39 ev * 127 66 ev - 62 27 ev (2Sfl} 

The second Ionization energy, ip 7 . \ s given by Eq (236) with zero order 
vibration, Eq (239). 

IP2« 65.39 ev (25g) 
A hydnno atom can react with a hydrogen, deuterium, or tritium 
10 nucleus to form a hydrino molecular ion that further reacts with an 
electron to form a dinydrlno molecule. 

•fir ] • «■ • o- - . ] 

The energy released is 

E = f(, {p] > " El (26.) 
15 where El lr, given by Eq. (250) with zero order vibration, Eq. (254). 

A hydrino atom can react with a hydrogen, deuterium, or tritium 
atom to form a dihydrino molecule. 

{f ]■»{*.) - H-^C ^ ] 

20 The energy released Is 

E "«>{?]>• KHM )-ET ( ?63 ) 
where Et is given by Eq (250) with zero order vibration. Eo. (254) 

B£jowI6rouno State" Trans UjojnxpjJiydro^ 

21 D^.C.Ujarj£n$ 

Excited states o( orbitspheres are discussed in the Excited States 
of the One Electron Atom (Ouant nation) Section of Thej^unp a! ±on of 
iQK^ime^he_r^cesJ3^i^ htUi n Technoinks 

Publishing Company. Lancaster. Pa. (1992) in the case of ellipsoidal n 
•>0 0 s. excited electronic states are created when photons of discrete 



WO 



ro 



frequences are trappefl ,r th, cM.pso.ctoi resonator KlVI , yo , (h( ^ r , 
The photon changes the effects charge a, „>en o Z r T 
centra, „eld ,s el.ipso.*. ana ^rom ,he^^ lne 

-traces coniocal wrth the ground state elhn^M , 

As is (he case with the orbit sphere hinhr»r i„ ' 
egnat.y valtd. The photon sidt J nq Z ZoZ^7?i 
of t,e Laplaclan ,n en.psoida, coordinates For a e ,m i^, ^ 
cavHy. roe re.ationsh.p Oetween an a.^d c d e"l 7^ 
Photon standing wavelength, x, <s C.rcum/erence, 4aE. and the 

<iaf - ox 

where n is an integer an d where C?6 '° 

a (265) 
s «.o . ,„ the e.Mptic integral E or Eq (264JL ^ 

-i! = fi_ Jl_ J 

m e A m e na,nD, " m e a n t> n = n 2 »i " <" n (?6 6) 
where n » i 2 3 4 

n- i. I \ 
<•>» is the allowed angular frequency lor n - I 

a. and b, are the allowed sem.major and semlmtnor axes for n - , 

3 below Zll*^, ,naQr,i,UOe 01 "* e,,,pUC -responcng to 

Ihc «J 71 ° ° f ' hP hy0r ° 9Cn m °' ec "* * ^ integer. 

Potent, at energy equat.ons of hy*aaen-iypemo>ecii>es are 

0), W a? - o? <268> 

where 
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f " P (269) 

b = r= a 0 

P V 7. 0 <27<)) 



and where p is an mtcger (Thee energies are approbate in thai they 
5 do not include the energy component corresponding to zero order 
vibration. The exact energies are given Oy Eqs. (267-260) where the 
parameters 3 and b are those given by E qs, < 2 6^270> with the correrl.c 
ror zero order vibration as given in the Vibration Section). From enemy 
conse^auon, the resonance energy hole or a hydrogen- type molecule 
>0 which causes the transition 



ion 



(27 



is 

mp^x^.oev 

where m and p are lnte 9 ers During the transition, the elliptic rieM Is 

potential energy change equals the energy absorbed by the energy Lo 

Energy hole - -V e - v p - mp? X 40.6 eV V2M) 
I urther energy » s released by , hf nydrogen-type mo)ecule as the 
20 10131 ^ released during the 

(This S ,.or 9 y ,s approximate .n nut i, 0oe5 nol lncl0(l( , , 

A schemata draw.ng 0 f the total energy w C M of hydrogen- 1 ype 
mo.ecu.es and molecular 10 ns ,s g.ven mr.GURL 3. The 
eacon .nvo.v.ng ,rans„,ons Irom one potential energy .eve, ,o lower 
■eve ,s also herealter referred to as HFC1ER (Hydrogen £ , * , n ' ° " 
Sialyl* InermalEiecironic Relaxat.on, V 



?5 



30 



WO J4/ZS873 



rCTrt.l$?4/022l? 



77 



A hydrogen- type molecule with us electrons in a tower than 
ground slate" ccrgy levo. corresponding to a fractional outturn „ wnbl , 
is hereafter reared to as a dihydrino moleculf. The damnation 'or a 
dihydrino molecule o' internurlear distance, 2c = -~ f ' 



where p i s an 



0 



5 integer, is h^c - ^ ] A schW)3tk 0ravv , ng Q , „ (C> ^ of 
hydrogen- type molecules as a funct.on of total energy is given in f , GURE 

The magnitude of the elliptic field corresponding to the first oelow 
ground state" transition of the hydrogen molecule is ? f rom energy 
10 conservation, the resonance energy hole of a hydrogen molecule which 
excites the transition of the hydrogen molecule with internurlear 
distance 2C = V 2 a 0 to the first Oelow "ground state" with 
internuc.ear d.stance 2c - -^L 3o is glvcn hy fqs (267 „ 27l) whefp (hp 
elliptic field is increased from m agnitude on e to magnitude two: 

"rfTpV 19215 * V 

V e - v p - ^8 6ev (27Q) 
in other words, the elliptic 'ground stale" field of the hydrogen 
20 molecule can he considered as the superposit ion of Fourier components . 
The removal of negative Fourier components of energy 

m x 40.6 ev l27g) 
where m is an integer, increases the positive electric field inside the 
elhpsoida. shell t>y m U mes the charge of a proton a. each focus The 
resultant electric Meld ,s 3 time harmonic solution of the Laplaclan in 
ell.pso.da. coordinates. The corresponding potential energy change 
eouals the energy adsorbed hy the energy note 

Energy hole - v e - v t , - ,v, x 18.6 ev- (2BQ) 
Further energy , 5 released by the hydrogen mo.ecu.e as the internurlear 
n y~ Cl ' snrh * s "- lri<? hyorogen mo.ecu.e win, .nternuclear d.stance ?c 
- V < a c . is caused .0 unde-90 a transition 10 me a below "ground state' 
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leve., and „« mttrnutlear distance .or wh .ch force tx,.nr: C , aw, 
nonntfiation are achieved .s 2c . fLjJ l0 det:3ymg , 0 u>)s 
■nlernuc.ear chance , ror , ,,, . grouno sla , e - a {o|al &f 

is released. 

' n 3 <> refc ™ embodiment, energy holes, each of approximately 
m X 40.6 eV. are provided t>y electron transfer reactions of reactants 
.nc.ud.ng electrochemical reactant(s) (e.ectrocata.ytic coup.et ) 'l h 
cause heat to he leased from hydrogen mo.ecu.es as he * ^ ec t ons S 

related to relax , 0 cuant.zed potential energy ,eve<s helow of 
the ground state". The energy removed by an electron transfer react on 
energy h 0 ,e is resonant with the hydrogen energy leased to s Z,a e 
h stransu.on 1 he source of hydrogen mo.ecu.es is , he production T 
•5 the surface of a cathode during electrons of water in the case of ^ 

pressured gas energy reactor or gas discharge energy reactor 
5Jmtj£ Electron 'lra^ i;r 

An energy hole .s provided t>y the transfer of an electron between 
Par .cpat.ng species including atoms, ions, mo.ecu.es one ZTZ 

transfer of an e.ectron from one species to another species wherehv th* 
or the .pn.zauon energy of tne clectron 0 pec^ minus the 

•onwation energy or electron affinity ot the electron Zrl , 
eouals ap^mately mp ? x ,e. 6 evlhe "m ^Z^^^ 

JLLecjr^rjJTj^ns^ ? j 

An eff.cen. cata.yt.c system that ninces on the coup.inn of tnr™ 
cscna,or cav,„es invo.ves ,ron ana .Mh.unT (or examp.e '^fou I 
.on,.at,on energy of ,ron is 5,.o eV In,, energy nole * ohv^sH 
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(203) 
(204) 



10 



high for resonant absorption However, Li* releases 5.392 ev when »i , s 
reduced to Li The combination of f e 3 ^ to Fe«* and ir to Li. then, has a 
net energy change or 49 4 ev 

/,9^ e v * }>3" . tr * h ? [:< * ^ 0 J 

- Fe^ ■ Li - H^2f - ^/Lso J. 95 ? pV (28?1 

Li * Fe^ — Lf * Fe 3 * * 19.4 eV 
And, the overall reaction is 

H 2 [2C - ^ a 0 ] - H^c' = 3^53 J 4 95?ev 

Note that the energy given off as the molecule shrinks is much greater 
than the energy lost to the energy hole. And. the energy released is large 
compared to conventional chemical reactions. 

An efficient catalytic system that hinges on the coupling of three 
resonator cavities involves scandium. For example, the fourth ionization 
energy of scandium is 73.47 ev. This energy hole rs obviously too high 
15 for resonant absorption. However, Sc 3 * releases 21.76 cv when it is 
reduced to Sc 2 \ The combination of Sc 3 * to Sc** and 5c 3 * to Sc?\ 
then, has a net energy change of 40.7 eV 
46.7 ev * 5c 3 * • Sc 3 * * H 2 [2c* - >/2 a D ] 

Sc«- * 5c?< • H» 2 [?c - ]♦ 957 pV (285) 

20 St?- • Sc 4 ' - Sc 3 * - 5c 3 ' • 10.7 ev (? oo) 
And, the overall reaction is 

H 2 [?C • - V2 a 0 ] H* 2 [ 2c ] • 95.7 eV (2B7) 

An efficient catalytic system that hinges on the coupling of three 
resonator cavities involves yttrium. For example, the fourth Ionization 
25 energy of gallium is 6400 ev. This energy hole is obviously too high for 
resonant absorption. However. Pb?* releases 15.03 eV when it is 
reduced lo Pb\ The combination of Ga 3 ' to Gz** and Pb?* to Pb\ then, 
has a net energy change of 18 97 cv 

48.97 ev * Ga 3 * • Pb?* . = V? a 0 ] ' 

30 ... 63- • Plv - „,,[*■■ . 2^28 I W 7 ev (?eo . 
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C>3** * J>D* - & 3 3« . Pt>2* 
And, the overall reaction is 

"A- - V? b,] h^2c: . j 



48 97 ev 



95 V fcV 



<2«9) 



(290) 



Catalytic system:, that hinge on (he transfer of one electron from an 
atom or ion to an atom or ion capable of producing energy holes lor 
shrinking hydrogen molecules are given In the following tablei The 
number in the column following the ion, <n>, is the nth ionization energy 
of the atom. That is for example. Ga^* ♦ 6400 eV - Ga 4 * • e" and hT « 
e" = H • 13.60 eV. 
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Atom 


n 


nth Ion- 


Atom 


n nth Inn- 


energy 


Oxldl? 




ization 


Reduced 


ization 


Hole 


"ed 




Energy 
(ev) 




Energy 
(ev) 


(ev) 


G3 3 * 


3 


6400 


H \ * 


l 13.60 


50.40 


AS 4 * 


/J 


63.63 


H \ ♦ 


> 13.60 


5003 


Y 3 - 


3 


61.80 


H 1 * 


1 13 60 


48.20 


no a * 


4 


61.20 


H 1 • 


) 13.60 


47.60 


5c 3 - 


3 


73.47 


He I * 


I 2459 


48.08 


rin a * 


A 


7240 


He t - 


» 24.59 


47.81 


Fe 4 • 


A 


75.00 


He i « 


* 2459 


50.41 


Sr a * 


A 


71.60 


He I - 


I 24.59 


47.0! 


5n A * 


A 


72.28 


He I ♦ 


1 24.59 


47.69 


He 1 * 


2 


5442 


LI 1 • . 


l 5.39 


49.02 


He I • 


2 


54. 42 


Na i * 


1 S.M 


49.28 


He r ♦ 


2 


5442 


ttg I - 


r 7.65 


46.77 


no 1 * 


2 


54.42 


Al t - 


1 5.99 


48 43 


He ! - 


2 


5442 


K 1 • 


1 434 


50.08 


He i • 


2 


54 42 


Ca ) • 


1 6.11 


48 30 


He i - 


^- 


54 42 


Sc I * 


6.54 


47.88 


He J * 


2 


54 42 




6.82 


47 60 


He ) * 


2 


54 42 


VI- I 


6.74 


47.68 


He i * 


2 


54 42 


Cr ! - I 


6.77 


47.65 


He 1 * 


2 


54 42 


rm I • f 


7.43 


46.98 ' 



WO 94/2*873 



ITT/US9 1/022 19 



* fc* 1 • 


.? 




He l • 


y 




He 1 4 


'> 

<■ 
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He i * 
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He i • 
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l ie i - 
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Mr 1 ♦ 


Z 


54.42 


Hp t * 


z 


54.42 


M/> 1 4 

in: * * 


2 


5442 


He i * 


2 


5442 


He I ♦ 


2 


5442 


He i * 


2 


5442 


He i * 


2 


54.42 


He * * 


2 


544 


He 1 * 


2 


^4 42 


Me ) • 


2 


5442 


He 1 * 


2 


5442 


He I - 


2 


C >AA2 


He 1 4 


2 


5442 


He I * 


2 


5442 


He » * 


7 


5442 



He I • 2 54 42 
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He » * 
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54 42 


He i - 
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54 42 


He ? * 


2 


5442 


He i * 


2 


5442 


He i * 


2 


5442 


He I • 


2 


54 42 


He 1 * 


2 


5442 


He I - 


2 


5442 


He \ • 


2 


54 42 


He J • 


2 


54 4? 


He i • 


2 


54 42 


He l - 


2 


54 42 


He I • 


2 


54 /J2 


He \ • 


2 


54 42 



Mi I - I 7 6/1 „ 6 78 

Cu 1 * 1 '73 16 69 

6a 1 ' 1 6.00 48 4? 

Pb ' * : 4. 18 50.2-1 

5r > • I 5.70 40.72 

^ ' ' & 38 40 04 

2r I ♦ i 6.84 47 5e 

N » • • ' 6.88 47.54 

Mo I • I 7. 10 47 32 

TC I • I 7.28 47. 14 

RU I * I 7.37 4705 

W> ' • l 7.46 46.96 

A 9 ' * I 7.58 46.04 

•nl- ) 7 34 47.07 

Cs I ♦ » 3.09 50.52 

Ba t ♦ I 5.2 J 49 20 

La 1 * ' 5.50 4804 

Co 1 « l 5.47 48.95 

Pr ' 4 » 5.4? 48.99 

W 1 * I 5.49 48.93 

p,Tl 1 ' 1 5.55 48.06 

6m 1 - I 5 63 40.78 

Eu I i s 67 ^6.75 

60 1 • I 6. 1 4 40.20 

Tb 1 * ' 5 05 40.57 

I * I 5.93 40.49 

H° ' • J 6.0? 40.40 

Er « - 1 6. 10 40.32 

Tm 1 • | 6. 10 48.23 

Yb 1 ' I 6.25 48 16 

I" » • I 5 43 40.99 

" f ' - I 6.60 470? 

Tl I ♦ I 6 » 1 40.3 1 

Pb I • I • 7.42 47 00 

B j » * > 7 29 47 13 

r <» ' ' I 5 20 49 14 
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55.20 



35 



In 3 * 


3 
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J 77 45 


L» ? - 
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L» 2 • 




t 22 45 


L» ? • 


3 


I 2? 45 



Ac I • J 5 20 49 22 

TLi I ' l 6. JO 48.32 

Pa 1 • t 5.90 4B.52 

U I - I 6.C5 48.37 

W > • » 6.20 48.22 

p u I * ) 6 06 40.36 

Am I • I 5.Q9 48 43 

Cm I - t 6.02 48.40 

1 * » 0.23 48.19 

Cf 1 * I 6.30 48.12 

E s ' 1 6.42 40.00 

Li 1* 1 5.39 49.4) 

u 1 * ' 5.39 49.51 

LI 1 •.. ^ 5 39 49 81 

U I * I 5.39 47.1 I 

*- M ' 1 5.39 48.61 

Al 3 * 3 28.45 47.19 

Ar 2 • 2 27.63 48.01 

113- 3 27.^9 48. 15 

AS 3 ♦ 3 28.35 47.29 

Rb 2 - 2 27.28 48.36 

Nb 3 * 3 25.04 50.60 

Mo 3 * 3 27. J 6 48.46 

Ru3' 3 28.47 • 47.17 

In 3 * 3 28.03 47.61 

5b 3 * 3 . 25 30 50.34 

Te3* 3 27 96 47.68 

Cs2< 2 25.10 50.54 

Bi 3 - 3 25.56 50 08 

Li2- 2 75.64 46.81 

5 5- 5 72.68 49 77 

5c 4 ♦ 4 73.47 40.98 

nn5 - 5 72.40 50 05 

F <> 5 • 5 75.00 47 45 

5 * 5 75.50 46 95 

5n 5- 5 72.28 50 17 
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Pb I • 
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.S'"ql^JLl£cja:on.Tfo nsref iOne Sp ecies) 

An energy hole is provided by the ionization of an electron from a 
participating species including an atom, an ion, a molecule, and an ionic 

10 or molecular compound to a vacuum energy level, in one embodiment, the 
energy hole comprises the ionization of an electron from one species to a 
vacuum energy level whereby the ionization energy of the electron 
donating species equals approximately mp? X 4B.6 eV where m and o are 
integers. Catalytic systems that hinge on the transfer of one electron 

tS from an atom or ion to a vacuum energy level capable of producing energy 
holes for shrinking tiytirogw molecules are given in the following table. 
The number following the atomic symbol in) is the nth ionization energy 
of the atom. That is lor example. Na* * 47.29 eV = Na?* - e~ 

20 Catalytic Ion n nth Ionization energy 

Ma I * 2 47.29 

Cr 3 ♦ 4 49. 10 

As 3 * A 50 13 

wh a * k r 5 0 5 5 

25 La 3 ♦ 4 49.95 

fnuillQl^Clectr on Transfer 

An energy hole ts provided by me transfer of multiple electrons 
between participating species including atoms, ions, molecules, and 

30 ionic and molecular compounds In one embodiment, the energy hole 

comprises the transfer of t electrons from one or more speoes to one or 
more species \K^eret>y the sum of the ionization energies <inO/or electron 
affinities of the electron donating species minus the sum of the 
ionization energies and/or electron affinities o/ the electron acceptor 

35 species equals approximately mp 2 x ^ 6 eV where m. p, and t are 
inteqers 
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An energy hole r S provided lyy the transfer of ,„ u „|pi e electron 
U>tweer. part , C ipating spec.es including atoms, ions, molecules a*" 
iohk: and molecular comoounds in one embodiment, the cneruy no.e 
(onr.or.ses the transfe, or , ,,,. ;Irfcft£ , rom ^ ^ ^ |& ^ 

whereoy tne conr.ecu.we elect™ afnnuies and/or .«.l2».o.. enennes 

o. l^e^lrondonMlngsow^sm.nusiheicowtcul^-ionlw.on * ' 
energies and/or electron au.nmes o, (he electron acceptor equals 
approximately mp2 X dB6 ev where m. p. and t are integers 

in a prelerred embodiment the electron acceptor species is an 
ox.de such as MnO x , AIO x , SiO x . A preferred molecu.ar electron acceptor 
is oxygen. 02. 

in an embod.rr.ent. a catalytic system that provides an energy hole 
nnpes on the ionization of two electrons from an atom, ion or molcu e 
to a vacuum energy ,eve. such that the sum of two ,ontea„on energies is 
aoprox.mately mp^ X d0.6 eV where m, ana p are integers. 

I wo. Electron Tra nsfer_(Two_ 5 0 ccles> 

no., ^ 3r,0ther mboamml - 9 M W sy««n that provides an energy 
hole hinges on the transfer of two electrons ,r 0 rn an atom ,on or 
molecule to another atom or rno.ecule such that the sum oi two 
location energies rn„,os the sum of two e.ec.ron affinities of the 
wrtrcipa; .„g aiwnSi Ions ano/or molcfu1es |s apnroxlrY| ? 
2b eV where m and p are integers 

I^^Je<:li^.nJraASJ.ei_.LTwo^ 

in another emt> 0 d.mem. Tcaia.ytic system that provides an energy 
hole ranges on the transfer of two electrons from an atom .on or ™ 

Z « l ° 3n0,hCf a, ° m - ' on ' ° r mo,cc "' c 5uch ,h3t s ™ two 

•on, a..on energ.es m.nus the sum of one .oniration energy ano one 
electron aff ,n„ y 0 , the oart.c.patmg atoms, ions, and/or' molecules „ 
approximately rn,,?x -18 6 eV where m and p are integers 

3 - Ci /»er_£ncrr)v Hoje* 
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in another emljoilirr.er, onerov holes r-^ - 

rr, v v P = -rri X — :Z e -?.^ , r 2. ' - r7? 

: m x 67.613 eV 

> ftre provided tv c> V frAn trww, . 

^ i > .isciron trans U-r rf actions of rear I ants mr u.,n™ 

electrochemical reactantts, (electrocalalyt.c coup e 5 wn , ' ! 

hea, ,o a. reused from hydrogen molecJes as the r e , TrZ T 

st.mu.ate, to re.ax to ^ potentia, energy leve 0 w t 0 , 

the ground sta ,e-. The energy removed by an electron VZZr 

c surface of a cathode during electrolysis ot water in the case of ™ 

;::i:n: neryy reac,or ~ - • **** , 

pressured gas energy reactor or gas discharge energy reactor 

An energy nole is provided Dy tne transfer of one or more ^w.r 
between parnc.pating spcc.es mcludmg atoms ions mo erl" . 
•on,c ana f no,ecu,ar compounds. ,n nnJt^?'™^™ 
compr.ses the transfer of t e.ectrons from one o, more spec »2 E 1 

the r— -g^oV:,:-: 

■on IZ a,,onenerg,e^r:r~ 

spec.es eoua.s approx.matelv m * 67 « „u 111 1 L^ 1 ™ aCCep «° r 

resonator cav.t.es mvolves magnesium for example me third 
J'^.on energy of magwsiom is6Q ,, 3 ev J • « ^* 

v.ous-y too hi 9h for resonant absorption However. Jt ^ s 

na irrr " *'«**«"«>*•. Tnecomuinattonor n g " 3 . 
a™ Sr t 0 5 r ♦ . men. has a net energy change of 69 . eV 

Wiev-npS. sr^.„ ? [ 2 c.^ 3 J 

30 -"IP- • S r- - H«J?< ]. Cl ,-, , 

■ 2 J 957 ev <?92) 

Mg 3 ' • Sr- - Mg? . . ,- {2 . . 691 pv 

And. tne overall reaction , s ( ^ 93) 
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An efficient cala.yuc syslem , hal h(nge5 on (f>e CQ 

™ C3V ' l ' eF For exam0 , e . 

.on, ? at,on energy of magnesium , s w .43 ev Th.s energy hole r 

> 1.07. ev when it * reduce, to c«- I he comh.nation of ho- 

Ca^- to Ca> . then. ,« a net energy change of 60 7 ev 9 
&0?eV.Mg?-.Ca2-.H ? [ 2 C-=V5 3 0 ] 

-M^-Ca. . H^c ^ } 9'S 7 eV (2Qr>) 
'0 ttg3. . Ca* - rig?* • Ca?- . 60 2 eV 

And. the overall reaction is <296> 

"sf - h.^.&»J . , 57eu (w) 

- . 3 ^ ° E ; s >xr cr v " >rai to ^ •»»~» 

yivwi uy tQ. and/ or approximately QS 7 P v 
0 electrochemical react an* ( 5 > r e i^»r~.,r. „ J 

«rr rr*' 0 ' - ~ - • **** s r« r , . 

«M gas energy reac.or or ,as discharge energy reK , or 

»e,. c :;::z, „: s p,w, " m pv w < - » - -^'««.™» 

1 !>-T>.ci(.M.ng species including atoms ions niolec.i^ , 
>on,c anc, mo.ecu.ar compoun* ,„ one Lament 
compnsos the transfer of t electrons from one or m 0rf s ^ n 
more soec.es wherein- „* sum ,, lfte loni?1Iior ° SDeC " s 10 onp or 

me ionization energies 3 no/ 0 , eleriron 
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aM,f,,l,CS 01 '** (i <-'< ; »'™ -Jownng specs annus (he sum of the 
.omz.no, energ.es an 0 /or electron aifmoes of the eiec.ron accept 
soeccs equals Wrox«(o, y m x 3 » g 4 e v (Co (22?)) where m a J a , 
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An energy h 0lP ,s provided Dy .he transfer of one or more electron 
between par, icpa, .ng spec.es mdud.ro atom,. , ons . modules one 
.on,c ano molecular compounds «n one empod.ment. the energy hole 
compnses the tranter or t electrons trom one or m0 re speoes to ne or 
more spec.es whereby the sum of the ionization enemies anrt/nr , 
.0 or the cectron donating spec.es m.nV^m o< Z ^ 

ionization energies and/or electron affinities or the electron acceptor 
suec.es eoua.s approximate* m X 95.7 ev where m and t are integer ' 

A,, energy reactor 50, in accordance With the invention „ ,nown in 
' I6URL 5 and comprises a vessel 52 which contains an energy react ion 
m.x ure 5.. a heat exchanger 00. and a steam generator 62 C, 

SI >V «* Shrmxage reaction, w^n he 

react-on m.xture. comprised of shrinkage materia,, shrinks The he t 

he ITT hCal Sleam « which 

heat from the exchanger 60 and produces steam. The energy reactor SO 
urther comcrjses a turbjne ?0 whjch recejve5 e g> reac to 50 

or . ". " " v,,v J<CM1 " <-'"■' yy "no eicctncai energy which is 

?•> recetved by a load 90 to produce wo,* or for dissipation 

The energy reaction mixture 54 comprises an energy releas.no 
ma ten .. 56 including a source ot hydrogen isotope atom "or ^ ce o, 
m ecu ar hydrogen isotope, and a source of energy ho.es 58 wh.cn • 

30 ZZZZ 0 - 0 3Wr ° X,mate,y m X 2721 CV <° C — "ornlc hydrogen 
-Z T 9 «W>™,m*ely m X 48.6 ev to cause molecular hydrooen 

Sh .nkage where m is an integer. The shr.nkage react.on , e.e e holt 
and shrunken atoms and/or molecules . 

the source of hydrogen can be hydrogen gas. electrolysis of water " 
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or nuclear ractionts) or Bli ., 3s . llc Pflotonor „ 6rtlflp SC3 „ 
reactions) In me latter , w0 cases, .he prison, „ we n, (0 n 0 . an eneroy 
reactor comprises a pan .ck- source 750 and/or photon source 75a to 
supply I he said energy .mU, ,n Ihes * cases, the energ, ho. ? f orresoonu. 
• o simulated em.ss.on D y l he pho.on or partfc.e. .n a preferred 
embodiments of the pressured 9<1S energy and gas discharge reactor, 
shown , n F ,6URfS 7 and 8. reject, ve.y. a photon source. 75a dissociates 
hydrogen molecules to hydrogen atoms. The photon source produc.no 
Photons of at least one energy 0 r approximately n x 27 21 ev n/2 X 272) 
ev. or ao.B ev causes stimulated emission of energy as the hydrogen 
atoms undergo the shrinkage react ion. m another preferred embodiment 
a Photon source 75a producing photons of at least one energy of 

mt. ,on of energy as the hydrogen modules undergo the sir micagc 
15 reactwn. In all reaction mixtures, a selected externa, energy device 75 

TcllrZT™* b ° ^ t0 SmV}V ^ ^tentia, or' 

a current to decrease the activation energy of the resonant absorption of 
an energy hole, in another embodiment, the mixture 5-1 further 
comprtses a surface or material to absorb atoms and/or molecu.es of the 
20 energy re.eas.ng materia. 56. Such surfaces or materia* to absorb 

7rZZl°T r T ^ trUiUm COrnPr,S<? tr3nS * ti0n e,Cm -^ ** 'n«r 
transition elements including iron, plat in™, palladium, zirconium 

vanadium, niefce, titanium, Sc. Cr. nn. Co. Cu. 2n. V. Nb . no, T c . *, Rh . 

■7S u" r"' T "* '"' '"' ' ' V5 ' ""• AU " Hg ' CC ' Pr ' N<1 - Pm - Sm. Fu 6d TO Oy 
ho. Er. Tm, Vb. Lu. Tn. Pa, and U m a preferred embodiment a source of 

IZ:"7 1° *"* al ° mS » cata,y,i'c energ h L 

mater al ,0. typ.cany comprising electrochemical couples MK.uding the 
ca aiyoc _coup.es described in my previous U.S. patent application 

30 ^ Z ,OBTn nat,er C °' 1VerSi0n Meth ° dS *" »™W - 
-50 a P( ,| 28. .989 wnicn is incorporated by reference, in a preferred 

embochment, 8 iP urce of energyho.es to shrink hydrogenmo.ecu.es 

er/zr a c ? ,ytic encr ° y ho,e a*™*, 

enerlv T'7 ^ that prov./e an 

energy ho l e of approximately m x 48 6 plus or minus 5 ev 

or so.m ' Ur ,T <?m,)0<,imen, ' 5 lhe « comaming a molten ,, qui d, 

or so.id solution of the catalytic couplets) and a source of hvdrogen 
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including hydr ides *nd gaseous hydrogen in the case of a reactor which 
Shrinks hydrogen atoms, the embodiment lurtner comprises a means to 
dissociate Ihe molecular hydrogen into atomic hydrogen including tnc 
transition or inner transi; ion met a Is € leclr or-. agnatic radiation 
5 including uv tight proviuetf Dy photo'. sou'C? 75 

The present invention of an e lectrolyt ic cell energy reactor, 
pressuri2ed gas energy reactor, and a gas discharge energy reactor, 
comprises: a means for containing a source hydrogen; a means for 
bringing the hydrogen atoms (molecules) into contact with one ot a solid. 

10 molten, liquid, or gaseous solution of energy holes, and a means for 

removing tne lower -energy hydrogen atoms (molecules) so as to prevent 
an exothermic shrinkage reaction from coming to equilibrium The 
present energy invention is further described In my previous U.S. Patent 
Applications entitled "Energy/ natter Conversion Methods and 

15 Structures/ filed on April 28, 1909, December 12, 1990, and June 

I 1. 1993 and my publication. Mills. R.. Kneizys, S., Fusion Technology., 
210, (1991), pp. 65-81 which are incorporated herein r>y reference. 

Electrolytic En ergy Reactor 

20 An electrolytic energy reactor is described in my previous U.S. 

Patent Applications entitled "Energy/ Matter Conversion Methods and 
Structures/ Mleo on June II, 1993, December 12, 1990. and April 28. 
1 909 which are incorporated herein by retorence. a preferred 
embodiment of the energy reactor of the present invention comprises an 

2S electronic cell forming the reaction vessel 52 of FIGURE 5 including a 
molten electrolytic cell. The electrolytic cell 100 is shown generally in 
FIGURE 6. An electric current is passed through the electrolytic solution 
102 having an electror.atarytic couple providing energy holes eoual to the 
resonance shrinkage energy (including the catalytic couples described in 

30 my previous U.S. Patent Application entitled "Energy/ M3tter Conversion 
Methods and Structures/ filed on April 28, 1909 which is incorporated 
by reference) hy the application of a voltage to an anode l"0«i and cathode 
106 hy 1 he power controller 108 powered by tne power supply MO. 
Ultrasonic or mechanical energy may also he imparted to the cathode 106 

35 and electrolytic solution 102 by vibrating means 1 12 Heat is supplied to 
thr electrolytic solution 102 hy heater 1 M The pressure ot the « 
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electrolync cell ;oo ,, compiled by pressure- reuu.a.or mean. , ,r 
wnere .ho col, , s cosed in, reactor lurlhcr compr , ses h ^ ; 

»UM remove the lower -energy hydrogen such as a se.ect.ve v^, ' 
valve to p oven, , n , ,, c ,,, ?rrf fC ^.^^ rp3n ^ ' 
5 equilibrium J 

>n o oref erred embodiment. ,he eiectrolyt-c cell , s operates m 
voltage gap by app.ying ar. overpressure of hydrogen wilh hvdroqen 
source .2. where the overpressure is controlled by pressure control 
means ,22 and , , 6. water is reduced to hydrogen and hydroxi a me 
•0 cathode .06, and the hydrogen , s oxidized l0 prolQns g( ^ ^ £ 

An embodiment of the e.ectro.ytic cel. energy reactor, compr.ses a 
reve rse fuel cell gcometry whfch ^ < P «e* a 

under vacuum. A preferred cathode ,00 of th.s embod.men! has a 
mod.ned gas diffusion ,ayer and comprtses a gas route mean, tnc.ud.ng a 

Her 7 ^ H,tCr 3 SCCOn0 Carb °" »aper/Ter,or, memor ne 

niter composite tayer. A further embodiment comprises a reaction 

ZZ T ^ C,0SC<, eXC<?Pt 3 COmeCl,0n ,0 3 C <™^or MO on the 
top o the vessel ,00. The cell is operated at a boil such that the steam 

t: z r ,h : bomn9 e,eciro,yu> ,o? * c °— « «■* ^ 

' ,he ""*•*«« i= returned to the vessel .00 The lower- 

energy state hydrogen is vented though the top of the condenser ,«o Tn 
one ernbodtment. the condenser contains a hydrogen/oxygen recombine 
145 that contacts the evo.vmg e.ectro.ytic gases. The hydrogen and 

100. .he heat released from the exothermic reaction whereby the 
electrons of the electro.yticai.y produced. hydrogen atoms (mo.ecu.es) ■ 
a re mduced to undergo transitions to energy , evets be.ow the -ground 
state and the heat re.eased due to the recomb.nat .on of the 
electronically generated norma, hydrogen and oxygen is removed by a 
heat exchanger 60 or figure 5 which is connected to the condenser mo 
in vacuum, in the absence of externa, f ields. the energy bo.e to 

,a ;y; h \y™ atrm * a s ^ gP Irao$llion 

»s n x ii 2 1 ev tn x 48.6) where „ is 3n mteger Th,s resonance 
Shrm k3 ge energy ls allere0 wften (ne n , om (mo , m , le) ^ ^ . 

different from vacuum An example is a hydrogen atom (mo.ecule) 
absorbed to the cathode .06 present in the aqueous e.ecro.yt.c solution 
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10? having an applied electric nolo ana an intrinsic or appi.ed magnet 
"old provided Dy external magnetic held generator 75 Unoer these 
conditions the energy hole required is slightly different from n x Ti 2 \ 
ev (r, x 40 6> Thus, a source of ensijy holer. .n C luding electrocatalvt k 
S couple react ants is selected which r,a« a redo, energy resonant wm, tno 
resonance shrinkage energy when oner at mg under these conditions In 
the case- where a nickel cathode .06 .s used to electrolyze an aqueous 
solution 102 where the cell is operating w.th.n a voltage range of M to 
5 volts, the K-/K* and fib- (Fe^VLf and Sc3vSc^) couples are 
10 preferred embodiments to shrink hydrogen atoms (molecules) 
The cathode provides hydrogen atoms (molecules), and the 
shrinkage reaction occurs at the surface of the cathode' where hydrogen 
atoms (molecules) and the electrocatalytlc couple are In contact tiuk 
the shrinkage reaction is dependent on the surface area of the cathode 
15 For a constant current density, giving a constant concentrat ion of 
hydrogen atoms (molecules) per unit area, an increase in surface area 
increases the reactanls available to undergo the shrinkage reaction 
Also, an increase in cathode surface area decreases the resistance of the 
electrolytic cell which improves the electrolysis efficiency A 
preferred cathode of the electrolytic cell including a nickel cathode has 
the properties of a high surface area, a highly stressed and hardened 
surface such as a cold drawn or cold worked surface, and a large number 
of grain boundaries. 

m a nrpferred embodiment of the electrolytic ceil enere- '•»•»-»— 
the source of energy holes is Incorporated into [lKf\atlM*?ro«liiricany 
by methods including cold working the source of energy holes into the 
surface of the cathode; thermally by methods including melting the 
source of energy holes into the surface of the cathode and evaporation of 
a solvent of a solution of the source of energy holes in contact with the 
surface of the cathode, and electrostatically by methods Including 
electrolytic deposition. Ion bombardment, and vacuum deposition 

The shrinkage reaction rate is dependent upon the composition of 
the cathode 106. Hydrogen atoms (molecules) are reactants to produce 
energy via the shrinkage reaction Thus, the ca t hode must efficiently 
provide a hign concentration of hydrogen atoms (molecules) The cathode 
106 ,s comprised of any conouctor or semiconductor including transition 
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elements and compounds, actmide and lanthanide elements and 
compounds, and group 1 116 and IVB elements and compounds. Transition 
metals dissociate hydrogen gar, into atoms to a more or lesser extent 
depending on th~ metal Nickel ano tuaf.:i;m r&^oiiy dir.SK iate hydrogen 
5 molecules and are preferred embodiments for shrinking r.vorogen atoms 
The cathode con alter tr»e energy o- tne absorbed hydrogen atoms 
(molecules) and affect the energy oi the shrinkage reaction A cathode 
material is selected which provides resonance between the energy hole 
and the resonance shrinkage energy in the case of the k*/io couple with 
10 carbonate 3S the count en on for catalyzing the shrinkage of hydrogen 
atoms, the relationship of the cathode material to the reaction rate is: 
Pt < Pd « 71, Fe < Ni 
This is the opposite order of the energy released when these 
materials absorb hydrogen atoms. Thus, for this couple, the reaction rate 
15 is increased by using a cathode which weakly absorbs the hydrogen 
atoms with ntUe perturbation of their electronic energies. 

Also, coupling of resonator cavities and enhancement of the 
transfer of energy between thern is increased wher> the media is a 
nonlinear media such as a magnetized ferromagnetic media. Thus, when 
20 a paramagnetic or ferromagnetic cathode Is used, the cathode increases 
the reaction rate (coupling of the hydrogen ana efectrocatalytic couple, 
energy hole, resonator cavities) by providing a nonlinear magnetized 
media Alternatively, a magnetic field is applied with the magnetic held 
9C-r»o-r<uOf 75 riagneiic fields at the cathode alter ir.e energy or 
25 absorbed hydrogen and concomitantly alter the energy which effects 
shrinkage, Magnetic fields also perturb the energy of the 
elecirocatah/tic reactions by altering the energy levels of the electrons 
involved in the reactions The magnetic properties of the cathode are 
selected as well as the strength of the magnetic field which Is applied 
30 by magnetic field generator 75 to optimize shrinkage reaction ratc-ihe 
power output A preferred ferromagnetic cathode is nickel 

A preferred method to dean the cathode of the electrolytic cell 
including a nickel cathode is to anodize the cathode in a basic 
electrolytic solution including approximately 0.57 n X2CO3 (X is the 
alkali cation of the electrolyte including K) and to immerse the cathode 
•n a dilute solution of H3O2 In a further embodiment of the cleaning 
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nc nco c V x..c vo., w|rjP „„„ a wtontf tetrode of the same materi*. 

U,e rust cathode ,s p*r,c,„-, ( ,, Tr,, cathode , s .hen thorougn, y rm j' 
with d.stu.ed water. Organic mMerial on tn<? Surrace flf ||v , 9 
•r**«s me catalytic r^cnor. „„, ,, v „* electrons c: the 
electronically produceo hycroofr. aiomj. (molecule.) are induced to 
undergo transitions to energy revels below the -ground state Clean.™ 
IV IMS method removes the organic maier.al from ,ne cathode surface 
and adds oxygen atoms onto me cathode surface Dop.ng the metal 
surface, including a nickel surface, with oxygen atoms by anodizmn the 
cathode and cleaning the cathode in H,0 2 greatly i ncrease sThe power 
output by decreasing the bond energy between the metal and the hydrogen 
atoms (molecules) which conforms the resonance shrinkage energy of fne 
absorbed hydrogen to the energy nolo provided by the elecloca aTyt 



couple including the KVk* (ScWsc^*) couple 
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Different anode materials have different overpotent.a.s for the 

oxidation of water, which can affect ohm* losses. An anode of low 

overpotent.a. will increase the efficiency. Nickel, ptatmum and 
d,mens,o , st3b|e • 

..nodes, in the case of the KVK* e.ectrocata.yt ,c couple where 
carbonate , S used as the counterion. nickel Is a preferred anode Nickel 

N ckeUs 7 t ™* *** S ° ,UU0nS " i,h * ^ ""-de. 

Nickel ,s inexpensive relat.ve to platinum and fresh nickel ts 

electroplated onto the cathode during electrolyse 

A preferred method to clean a dimensiona.lv star,.. ^ fnrUMnn 

a Platted titanium anode is to place the anode in approximately "3 « 

MO for approximately 5 minutes and then to rinse it with distilled 

«h P rl ' 7 HI' °' hytfr ° 9en Shrink39e * hy<,f ° 9en 3t0n,s « «* surface of 
the cathode .06 form nydrogen gas which can form buhb.es on the 

surface of the cathode These bubbles act as an boundary , 3yer between 

me Xdrogen atoms and the e.ectrocatalytic coup.e. The boundary ca^ 

am ...orated by Crating t ne catnode and/or the electrolytic solution 

'0? or by applying ultrasound with vipratmg means . I? aiH | by addino 

««:«B agents to tne electrolytic solution ,02 ,0 reduce the ^7 
ension of the water and prevent m * , ormatlon . The use Qf a 

-mg a smooth surface or a wire cathode Prevents gas adherent "d 
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an ifsjermit tent current, provided by an on-off circuit of power 
controller 106 provides periodic replenishing of f^ydrogen atones which 
nrr dissipated by hydrogen gas lorrnerion foil owed by diffusion into the 
solution while preventing <r*.:r*ss ive hydrogen gas formal ion which could 
5 form a boundary layer 

The shrinkage reaction is temperature dependent nost chemical 
reactions double their rates lor each 10 "C rise in temperature 
increasing temperature increases the collision rate between the 
hydrogen atoms (molecules) and the electrocatalyt Ic couple which win 
10 increase the shrinkage reaction rate. With large temperature excursions 
from room temperature, the kinetic energy distribution of the reactants 
can be sufficiently altered to cause the energy hgole and the resonance 
shrinkage energy to conform to a more or lesser extent The rate is 
proportional to the extent of conformation or resonance of* these 
15 energies The temperature is adjusted to optimize the shrinkage 
reaction rate-energy production rate In the case of the K*/K* 
electrocatalytlc couple, a preferred embodiment Is to run the reaction at 
a temperature above room temperature by applying heat with heater 1 14. 
The shrinkage reaction is dependent on the current density. An 
20 Increase in current density is equivalent. In some aspects, to an increase 
in temperature. The collision rate increases and the energy of the 
reactants increases with current density. Thus, the rate can be 
increased by increasing the collision rate of the r eactants; however, the 
rate may be increased or decreased depending on the effect of the 
25 increased reactant energies on the conformation of the energy hole and 
the resonance shrinkage energy. Also, increased current dissipates more 
energy by ohmic heating and may cause hydrogen bubble formation, in the 
case of the shrinkage of hydrogen atoms. But, a high flow of gas may 
disfodge bubbles which diminishes any hydrogen gas boundary layer. The 
30 current density is adjusted with power controller lOtt to optimize the 
excess energy production, in a preferred embodiment, the current 
density is in the range I to 1000 milliamps per square centimeter. 

The pH of the aqueous electrolytic solution 102 can affect the 
snnnkaqe reaction rate. In the case that the electrocatalytlc couple is 
35 positively charged, an increase in the oh will reduce the concentration of 
nyoronium at the negative cathode, thus, the concentration of the 



WO 94AZ9S73 



rCTOJS94;022!? 



10 



120 

rrectnicacalyuc coup* cations will increase Ar, increase m reacian; 
concentration increases the reaction rate. In the C3se of the K-/K- 0 r 
Pb* (Sc 5 VSc3*) couple, a preferred pH is basic 

The counter ion <.l the ef-nrocMalytic couple of the electrolytic 
solution to? can affect the shrinkage reaction rate by altering the 
energy or the transition state For example, the transition state convex 
of the kVk * electrocatalytic couple with the hydrogen atom has a plus 
two charge and involves a three body collision which is unfavorable a 
negative two charged oxyamon can bind the two potassiums; thus, it 
provides a neutral transition state complex of lower energy, whose 
formation depends on a binary collision which is greatly favored. The 
rate is dependent on the separation distance of the potassium ions as 
part of the complex with the oxyanioa The greater the separation 
distance, the less favorable is the transfer of an electron between them. 
15 A close juxtaposition of the potassium Ions will increase the rate. The 
relationship of the reaction rate to the counterlon in the case where the 
KVK* couple Is used is : 

OH "< P0 4 3- HPO^-c 5CV-c< CO32-. 
Thus, a planar negative two charged oxyanion including carbonate 
with at least two binding sites for K* which provides close 
juxtaposition of the K> ions is preferred as the counterion of the K>/K* 
olectrocata lytic couple The carbonate counterion is also a preferred 
counterion for the Rb* couple. 

^ v v/,,vl »vw ^vtni/i ».>jny o>i imciiiuut'tH Current, on-qff 

25 electrolysis c\rcin\ will increase the excess heat by providing 

optimization of the electric field as a function of time which provides 
moxlmum conformation of reactant energies, provides an optimal 
concentration of hydrogen atoms (molecules) while minimizing ohmlc 
and electrolysis power losses and. in the case of the shrinkage of 
hydrogen atoms, minimizes the formation of a hydrogen gas boundary 
layer. The frequency, duly cycle, peak voltage, step waveform, peak 
current, and offset voltage arc adjusted to achieve the optimal shrinkage 
reaction rate and shrinkage reaction power while minimizing ohmlc and 
electrolysis power losses in the case where the KVK* elecirocatalyhc 
couple is used with carbonate as the counterion; nickel as the cathode; 
ana platinum as the anode, a preferred embodiment is to use an 
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-nterm.ttent square- wave having an onset voltage- or W r 0 x,„,,i,,, , A 
volts io.?2 volts, a peak voi.ag* or approximaiely i 5 .oils «o 1 n 
volts, apeak current of *>proxima:ely . mA to 100 mA per square 
centimeter of cathode surface area, approximately a 5S-90* outy cyrle 
and 3 frequency in the range or I H? to 1 500 Hz 

Further energy can be release by repeating (he shrinkage reaction 
The atoms (molecules) which have undergone sbnnkage diffuse into the 
cathode lattice, a cathode 106 > s used which wit. facilitates muMiple 
Shrinkage reactions of hydrogen atoms (molecules). One embodiment is 
to use a cathode which is fissured and porous to the electrocatalytlc 
couple such that tt can contact shrunken atoms (molecules) which have 
diffused into a lattice, including a metal lattice. A further embodiment 
is to use a cathode of alternating layers of a material which prov.oes 
hydrogen atoms (molecules) during electrolysis including a transition 
metal and an e.eclroca.alytic couple such that shrunken hydrogen atoms 
(molecules) periodically or repetitively diffuse into contact w.th the 
electrocatalytic couple. 

The shrinkage reaction is dependent on the dielectr.c constant of 
me media. The dielectric constant of the media alters the electric t Ma 
at the cathode and concomitantly alters the energy of the reactants 
solvents of different dielectric constants nave different solvation 
energ.es. and the dielectric constant of the solvent can atso lower the 
overpotentlal for electrolysis and Improve electrolysis efficiency a 

25 wmrTl' I™"" 5 ; V5:c " 53 3£:£cte " electrolytic solution ;02 

2a which opt, m , Z es the conformat.on of the energy n 0 .e am, resonance 
shrinkage energy and maximizes the efficiency of electrolysis 

The solubility of hydrogen in the reaction solution Is directly 
Proportional to the pressure of hydrogen above the solution. Increasing 
the pressure increases the concentration of reaclant hydrogen atoms 
(molecules) at the cathode 106 and thereby increases the rate But in 
the case of the shrinkage of hydrogen atoms this also favors the 
development of a hydrogen g 35 boundary layer. The hydrogen pressure is 
controlled by pressure rc9uIator mpans , |6 lD opUlo|Zp ^ 
reaction rate. J 
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The heat output is monitoreo witn thermocouples present in at 
leas, the vessel .00 and the condenser MO of FIGURE 6 ana the heat 
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exchanger 60 o( figure 5. The out out power , s controlled o y » 
ComputGri7cU monitoring and control system winch monitors ttic 
thermistors and controls the means to alter tne Dower output 

5 Pressuris ed Gas Energy Reac tor 

a pressurized gas energy reactor comprises tne first vessel ?oo or 
FIGURE 7 containing a source or hydrogen including hydrogen lr 0 m metal- 
hydrogen solutions, hydrogen from hydrides, hydrogen Irom the 
electrolysis of water, or hydrogen gas. In the case ol a reactor which 
10 shrinks hydrogen atoms, the reactor further comprises a means to 
dissociate the molecular hydrogen into atomic hydrogen such as a 
dissociating material including transition elements and inner transition 
elements including iron, platinum, palladium, zirconium, vanadium 
nickel, titanium. Sc. Cr. nn. Co. Cu. Zn, y. M>. no. Tc. Ru fth Ag Cd' la 
15 Hf. Ta, W, Re, OS. Ir. Au. Hg. Ce. Pr, Nd. Pm, Sm. Eu. (id, Tb, Oy, Ho, Er, Tin 
Yt>, Lu. Th, Pa. and U or electromagnet ic radial ion including uv light ' 
provided by photon source 205 such that the dissociated hydrogen atoms 
(molecules) contact a molten, liquid, or solid solution of the energy 
botes (including the catalytic couples described in my previous US 
20 Patent Application entitled "Energy/ Matter Conversion Methods and 

Structures, filed on April 20, 1909 which is incorporated by reference) 
The pressurized gas energy reactor further comprises a means 201 to 
remove the lower-energy hydrogen such as a selective venting valve to 
prevent the exothermic shrinkage reaction from coming to equi'ibriu- 
One embodiment comprises heat pipes as heat exchanged 60 of FIGURE S 
which have a lower-energy hydrogen venting valve at a cold spot. 

A preferred embodiment of the pressor ized gas energy reactor or 
the present invention comprises a first reaction vessel 200 with inner 
surface 240 comprised of a material to dissociate the molecular 
30 hydrogen into atomic hydrogen including , ne transit ion or inner 

transition metals. The first reaction vessel 200 is sealed in a second 
reaction vessel 220 and receives hydrogen from source 221 under 
Pressure which is controlled by pressure control means 222 The wall 
250 of me first vessel 200 is permeable to nyorogen The outer wall 
245 and/or outer vessel 220 has a source of energy holes equal to the 
resonance shrinkage energy m one embodiment the source of energy 
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holes is a solution containing energy holes in the molten, liquid, or solid 
State lr> another embodiment an elecinc current is passed through u>e 
material having a source of energy holes. The reactor further comprises 
a means to control the reaction rate such as current source 225 and 
5 heating means 230 whicn heat the first reaction vessel 200 and the 
second reaction vessel 220 In a pre/ erred embodiment the outer 
reaction vessel 220 contains oxygen, the inner suriace 240 comprises 
one or more of a coat of nickel, platinum, or palladium. Trie outer 
surface 245 is coated with one or more of copper, tellurium, arsenic. 
10 cesium, platinum, or palladium and an oxide such as CuO x , PtO x , ^x, 
MnOx, AlOx, 5tO x . The electrocatalyt ic couple is regenerated 
spontaneously or via a regeneration means including heating means 230 
and current source 225. 

In another embodiment, the pressurized gas energy reactor 
15 comprises only a single reaction vessel 200 witn a hydrogen 

impermeable wall 250. In the case of a reactor which shrinks hydrogen 
atoms, one or more of a hydrogen dissociating materials including the 
transition and Inner transition elements are coated on the Inner surface 
240 with a source of energy holes including one or more of copper, 
20 tellurium, arsenic, cesium, platinum, or palladium and an oxide such ?s 
CuO x , PtOx, PdOx, MnOx, AlOx, 5iO x In another embodiment, the source 
of energy hole Is one of a inelastic photon or particle scattering 
reactions), in 3 preferred embodiment the photon source 205 supplies 
me energy hoies where ihe energy hoie Corf eSDOiidS to si muiidtcu 
25 emission hy the photon, in the case of a reactor which shrinks hydrogen 
atoms the photon source 205 dissociates hydrogen molecules Into 
hydrogen atoms. The photon source producing photons of at least one 
energy of approximately n X 27.21 eV. n/2 X 27.21 eV, or 40.8 ev causes 
stimulated emission of energy as the hydrogen atoms undergo the 
30 shrinkage reaction, in another preferred embodiment, a photon source 
205 producing photons of at least one energy of approximately n x 40 6 
eV. 95 7 eV, or n x j I 9A eV causes stimulated emission cl energy as the 
hydrogen molecules undergo the shrinkage reaction 

A preferred inner surface. 240, and outer surface, 245, of the 
35 pressurized gas energy reactor including a nickel surface has the 

properties of a high surface area, a highly stressed and hardened surface 
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such as a cold drawn or cold worked surface. and a large number of gram 



JO a preferred embodiment or u* pressured 9^ energy reactor, 
me source ol energy holes is incorporate*? into the rn oer surface, 240 
5 and outer surface. 24$. mechanically by methods including cold work ing 
the source of energy holes Into the surizce material; thermally Dy 
methods including melting the source of energy notes into ihe surface 
materia* and- evaporation of a solution of the source of energy holes in 
contact with the surface material, ana electrostatically by methods 
10 including electrolytic deposition, ion bombardment, and vacuum 

deposition. A preferred method to clean the Inner surface 210 and the 
outer surface 245 including a nickel surface is to fill the inner vessel 
and the outer vessel with a basic electrolytic solution including 
approximately 0.57 M X 2 C0 3 (X Is the alkali cation of the electrolyte 
15 including K) and to fill the inner vessel and tne outer vessel with a 

dilute solution of \i 2 0 2 Each of the inner vessel and the outer vessel Is 
then thoroughly rinsed with distilled water, in one embodiment, at feast 
one of the vessel 200 or the vessel 220 is then fined with 3 solution of 
the energy hole including an approximately 0.57 n K2CO3 solutioa 

in one embodiment of the method of operation of the pressurized 
gas energy reactor, hydrogen ts introduced Inside of the first vessel 
from source 221 under pressure which Is controlled by pressure control 
means 222. in the case of a reactor which shrinks hydrogen atoms, the 
molecular hy<ir 0 gen i S dissociated into 2tom>c hydrogen by > dlssec!^™ 
mater ial or electromagnetic radiation including UV light provided by 
Photon source 205 such that the dissociated hydrogen atoms contact a 
molten, liquid, or solid solution of the energy holes. The atomic 
(molecular) hydrogen releases energy as its electrons ore stimulated to 
undergo transitions to lower energy levels by the energy holes. 
30 Alternately, the hydrogen dissociates on the inner surface 210 
diffuses though the wall 250 of the first vessel 200 and contacts a 
source of energy holes on the outer surface 215 or a solution of energy 
holes in the molten, liquid, or solio state as hydrogen atoms or 
recomomed hyorogen molecules. The atomic (molecular) hydrogen 
releases energy as its electrons are stimulated to undergo transitions to 
lower energy levels by the energy holes. The electrocatalyUc couple is 
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removed from vesse, .700 ano^, £ I' " 
lower-energy , lyflf0 „ w , ucr v « se ??0 &V a means lo remove me 

current iS passe. r,, 0 ugn the n.a.eria. nav.ng 3 sour c c of ene T 
•J-a. to tne resonance Sh n,* 3Q e energy wa^ ur " ^ 7/ 5 °' e5 
ho frst reaction vesse. ?00 and the second reaction ve S5 i'^ 

T atin9 means 230 T,ie « i « * arc 

thermocouples present in at least ,he first vessel 200 th* <T 

co 2 :,;:;: ,>eat exchaneer 60 ° r ^ e 5 r vcss " 

cont. oiled by a computer.^ monitoring 3n <j control svst™ , 
monuors the theaters and contro.s ,1 mean" 7o Zer Ll 
'5 output, The lower-energy nvOrogen ,s removed by a m ans ? 0 I T'' 
-vent tne ^ .action lrgn coming to Zl, m 

&^J^S^3nj^ ^or^ Reactor 

of poerQv, hm.c „f , 'Winer comprises a source 

current inciucJino at le^t rt ™ «i > >, "^nsier ( 0 the eliscnarge 
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350 or hy.jrco'.-n dissocial ing material including the transition 
elements and timer transition elements including iron. platinum 
palladium. ?ircor.ium. vanadium, nickel, titanium. Sc. Cr rm Co Cu ?n 
V. no. Mo. u Rl , uh. Ag. Cu. La. Ta. w. Re. 05, Ir. .a.u.'hq Ce Pr no ' 
5 Prn.Srn. Fu. C-d. T|.. Oy. Ho. Fr. lm. yp. Lu . In. Pa. and U The reactor 
further comprises a means to control the enerov dissipated in the 
discharge current when electrons are transferred from an electron 
donating species to provide an energy Pole for hydrogen atoms 
(molecules) including pressure controller means 325 and current 
10 (voltage) source 330. The gas discharge energy reactor further 

comprises a means 301 to remove the lower-energy hydrogen such as a 
selective venting valve to prevent the exotherrrwc shrinkage reaction 
rrom coming to equilibrium. 

in another embodiment of the gas discharge energy reactor the 
source of energy hole is one of a inelastic photon or particle scattering 
react. on(s). In a preferred embodiment the photon source 350 supplies 
the energy holes where the energy hole corresponds to stimulated 
emission by the photon, m the case of a reactor which shrinks hydrogen 
atoms, the photon source 350 dissociates hydrogen molecules Into 
hydrogen atoms. The photon source producing photons of at least one 
energy of approximately n x 27 21 ev, n/2 X 27.21 ev, or 408 ev causes 
stimulated emission of energy as the hydrogen atoms undergo the 
shr.nkage reaction in another preferred embodiment, a photon source 
350 producing phctcr.s or « -east cn c energy cr approximate;-/ r. X -18 6 
ev, 95.7 ev. or n x 31 94 ev causes stimulated emission of energy as the 
hydrogen molecules undergo the shrinkage reaction. 

in another embodiment, a magnetic field is applied by magnetic 
field generator 75 of Figure 5 to produce a magnetized plasma of the 
gaseous »ons which is a nonlinear media. Coupling of resonator cavities 
and enhancement of the transfer of energy petween them is increased 
when the media is nonlinear. Thus, the react ion rate (coupling of the 
hydrogen and energy hole resonator cavities) is increased and controlled 
by providing and adjusting the applied magnetic field strength. 

m one embodiment of the method ot operation 0 f the gas discharge 
energy reactor, hydrogen from source ;$22 is introduced inside of the 
Chamber 300 through control valve 325 a current 50 ur C e 330 causes 
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current to oasa between i can** 305 ana an anoae 320 The hydronen 
contacts l he cathode wh.cn co.npr.scs a source c( enor <Jy holes of 
aoorox.rnate.y m x 27?. cv to cause a.om.c hydrogen 'shrinkage' ano 
approximately m x -46 6 ev cause molecular hydrogen -snnnkage" 
b where m .s on integer ir, a preferred embodiment electron* are 
transferred from an electron costing species present on the cathode 
303 to the discharge current to provide energy holes ror hydroqen atoms 
(molecules). In the case of a reactor which shrinks hydrogen atoms the 
molecular hydrogen ,s d.ssoc.aled into atom.c hydrogen by a dissociating 
10 material on the cathode 305 or by a source of electromagnetic radiation 
including UV light provided by photon source 350 such that the 
dissociated hydrogen atoms contact a molten, riowid. or solid solution of 
the energy holes. Tne atomic (molecular) hydrogen releases energy as its 
electrons are stimulated to undergo transitions to lower energy levels 
I .-> by the energy no.es. The energy dissipated in the discharge current when 
electrons are transferred from an electron donat.ng species Is controlled 
to provide an energy hole equal to the resonance shrirtcage energy f 0 - 
hydrogen atoms (molecules) by controlling the gas pressure from source 

20 (vohIm PrCr>SUr 7 V Omr0,,er ^ 325 ahU lhC V0,t ^ current 
20 (voltage) source 330 The heat output is monitored with thermocouples 
present In at least the cathode 305. the anode 320 and the heat 
exchanger 60 of Figure 5. The output power is controlled by a 
computerized monitoring and control system which monitors the 

iherm^rorv ^a controls the means to alter t h ° — — tk. 

lower-energy hydrogen is removed by a means 301 to prevent the 
exothermic shrinkage reaction from corning to equilibrium. 

Dejrjq erat ion Mean s 

A further embodiment of the present invention compr ises a 
30 refngeration means which comprises me electrolytic cell of FIGURE 6 
the pressured hydrogen gas cell of FiGURF 7. and the hydrogen gas ' ' 
discharge cell o. r i&uRE 6 of the present mvent.on wherein a source of 
•ower-energy atomic (molecular) hydrogen is supplied rather than a 
source of normal hydrogen Tne lower -energy hydrogen atoms are 
reacted to a higher energy state with the absorpt.on of heat energy 
accordmg , 0 the reverse o. tne catalytic shrinkage reaction such as that 
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(l^en by l:o$ M3-4r>), (47-49). (50 52). (53-55): (56-50) Cj«j-6l) u? 
6<>; (65-67); (66-70). (7.-/3). ana (74-76) lhe lower-ener Qy hyflroo _' 
molecules are reacted to a higher energy state with the absorption or' 
"CM energy accoro.no to reverse of the catalytic shrinkage reaction 
such as that given by Egs (2S2-284), (205-267). (266 290) (292-294) 
and (295-29?) In mis embodiment, means toi. 201 and 3oi of FiGufifs 
6. 7. and 0. respect. vety. serve to remove the normal hydrogen such as a 
select tve venting valves to prevent the endothermic reaction from 
coming to equilibrium. 

UQhtJVaierJ^gjnm^ 

We report that excess heat was observed during the electrolysis of 
aqueous potassium carbonate (KViC electrocata.ytic couple) whereas 
no excess heat was observed during the electrolysis of aqueous sodium' 
carbonate. The present experimental results are consistent with the 

Zns^V'T CnCr9y fr ° m at ° mG ^ P3 ' rS 0f 

•ons <K /K electrocatalytlc couple) induce the electrons of hydroqen 

atoms to relax to quantized energy levels below that of the "ground 

State" by providing energy holes each of 27.28 eV which silmulalc these 
ran«, u , ons The b3l3nce0 ^ ^ ^ ^ 

heat w 3s observed when K 2 CO;3 was reptaced by Na ? C0 3 . For sodium or 
S0d>um ions no emrlrorrdaiynr reaction «r ^^v™,,,,,, o?->, „>, ,„ 
25 possible. Eg.(46). " -•-•/••- -> 

Methods 

A search for excess heal during the electrolysis of aqueous 
potassium carbonate (K*/K* electrocatalytlc couple) was investigated 
us ng single cell silvered vacuum jacketed dewars To simplify the 
calibration of these cells, they were constructed to have primarily 
conductive hea, losses Thus, a linear calibration curve was obtained 
Two methods or differentia, ca.orime.ry were used to determine the cell ' 
constant which was used to calculate the excess enthalpy First the cell 
constant was calculate our.ng the experiment (on-lhe-f ly-ca.ibra, ion) 
t>y turning an interna, resistance heater off ano on. and inferring the « , 
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anas 10 the nea, l05SK , lW ,,>erc 15 « 9» flow I*., 

|o s,,,^ 1 — " "» «— » cooa„„ „ ,„ ce „ ,„ 

0 = p oppi * O hlr ♦ <x - p . n 
%p| »S Che electrolysis powS o ,c .* <290 > 
'-te, o xs i S the excess ^p^^^^ " <* 
Process; Pg3S „ !he povver removed V^ogen s^age 

gases; and o loss is the power .o^ r" °' i0 ° ° f H ? ana 0? 

«•'.- aqueous solution is electrolv^ ,7 ^ "* ^ ™ 

«* electrolysis Power p" H T'^ ™ 9*ses 

An expression for P. f t ,* 905 (?qq> 

«*» o, , 0 ™ 3 „r' w r ' rom »» — 

t oos ~ ' 

^•dsE^- ..^ v for the reaction 
H?0 - H ? .I 0? 

The net faradaic efficienrv «r <3on 



">e cell was calibrated for h^ t i„ c ^ k (3 °2> 
-ter orr ano on wMe -stance 
W err.no the celt conductive rnncT electrolysis amJ „ 

conceive losses t^^ JTl '^^ 
o". the losses were g.ven J ^ W ' 1en ^ ^ater was 
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whtrec is the conduct ive heal loss coef Jic ie'.l, T n is amoieni 
temperature and l c is the cell temperature when a new steady stale is 
established with the heater on, the losses change to 

where a prime superscript indicates a changed value when the heater 
was on. When the following assumptions apoty 

°*s = °>s> p appl = P"appL p gas = (305) 
me cell constant or heating coefficient a. the reciprocal of the 
conductive loss coefficient^), Is given by the result 

O htr (306) 
in all heater power calculations, the following equation was used 

°ntr * EhtrW (307) 
In the case of intermittent square wave electrolysis with current 
only during the high voltage Interval of the cycle. P app , of £o. (299) is 
calculated as the product or the peak voltage and the peak current and 
the duty cycle. De, which Is the pulse length divided by the period. 

p epp> B fl' wl>l I)Dc * <Pcon * Pgz$)Da (308) 
In the case of intermittent square wave electrolysis with current only 
during the high voltage interval of the cycle and where the net .facadatc 
20 efficiency of gas evolution is assumed to be unity, P Mn of Eq. (302) 
becomes 

p a.'ll = ((Bappi - l.^8V)i)Dc (309) 

Experiments *J P '2, and *3 
7b The present experiments were carried out by observing and 

comparing the temperature difference, AT j s T(etectrolysis only) - 
TCblank) and AT 2 ■ T(resistor heating only) -TCblank) referred to unit 
input power, between two identical 350 ml silver-coated vacuum- 
jacketed dewars. One of the calorimeter dewars having the same 
30 configuration and containing the same amount or electrolyte, same 
electrodes (nickel cathode ano* Pt anode), resistor- heater, thermistor, 
stirred at the same speeo. was used as the blank, in this dewar neither 
electrolysis nor heating by the resistor was carried out. Experiments 
were also carried out by using the blank oewar Jrom a previous 
experiment as the working dewar and vice versa. This exchange was done 
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to ensure that tlx- effect )r . not \ 0 3ny <jin P rence m tne !herm;,i 
properties of the two specific dewars used lacr. cell was assembly 
comprising a 350 ml silvered vacuum jacketed dewa< (Cole Palmer Model 
-8600) with a 7 err. opening covered wirr. a 0 75 men thick Siyrofoam 
5 stopper lined with f^rafilrn 

The experimental apparatus tor the differential calonmetry used for 
these studies is shown inflGWf 9. 
The heating coefficients were calculated from 

O ntr (311) 
The outside of the celts were maintained at ambient air 
temperature which was monitored. Ambient temperature fluctuations 
per 24 hours were typically less than 0.5 T. 

The cathode comprised 7A meters of 0.127 mm diameter nickel 
15 wire (99 % Alfa " 10249, cold drawn, clean Ni wire) that was coiled 
about the central Pt anode. The cathode was cleaned by placing it in a 
beaker of 0.57 M K 2 C0 3 /3% H2O2 for 30 minutes and then rinsing it with 
distilled water. The leads were Inserted into Teflon tubes to insure that 
no recombination of the evolving gases occurred. 

The anode was a 10 cm by I mrn diameter spiraled platinum wire 
(Johnson natthey) with a 0.127 mm Pt lead wire. The leads were 
insert p,j mtn Teflon l-bes !o prevent recomb!nat«e*, if 3ny , or tfte 
evolving gases. 

The cathode-anode separation distance was 1 cm. 
As usual In electrochemistry, measures were taken to avoid 
impurities in the system, especially organic substances. We note here 
the known problems with the reproducibility of the hydrogen 
overpotenuai which can be overcome only oy ensuring the lowest 
possiote level of impurities The following procedures were appued in 
order to reproduce the excess heat effect Before starting the 
experiment, the electrolysis dewar was cleaned with Alconox and 0. 1 n 
nitric acid and rinsed thoroughly with distilled water to remove all 
organic contaminants. The Pt anode was mechanically scoured with 
Steel wool, soaked overnight in concentrated MNO3, and rinsed with 
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dis-lilleo water The nickel cathode was removed from 115 container with 
rubber yloves. nno cut and folded in such 3 way mat no organic 
substances were transferred to the nickel surface. The nickel cainooe 
wftS dipped into the working solution unaer electrolysis current ano 
5 never leM in the working solution witnoul electrolysis current. 

in Lxoer iments ' l and '2. the electrolyte solution was 200 ml 01 ' 
057 rt aqueous K ? C0 3 (Aldnch K 2 C0 3 * | H 2 0 99-%), in Experiment -3. 

the electrolyte solution was 200 ml 0/ 0.57 M aqueous N32CO3 (Atdrich 
N32C03 ACS. primary standard 99.95 ♦%). 
10 The resistance heater used during calibration and operation was a 

10 ohm ix precision metal oxide resistor in a 2 mm outer diameter . 
Teflon tube The heater was powered by a variaole OC voltage power 
source (• 0.5%). The heating power was calculated using Eq (307). 

The electrolyte solution was stirred with by a 7 mm by 2 Cm 
prolate spheroid magnetic stirring bar whicn was spun by a 6 cm long 
open magnet mounted on an open shaft revolving at 750 RPM under the 
dewar. The shaft was that of an open mixing motor (Rexa-Mix Model 76 
fisher) 

Elimination of erroneous attribution of the effect to temperature ' 
20 gradients was earned out by testing for minute spatial variations of the 
temperature over time. Three thermistors were positioned at about 2.5 
cm apart from each other at the bottom, middle, and upper part of the 
electrolyte No difference was observed (within the limit of detection * 
0.01 *C) . 

25 Voltage (. 0.5%), Current (• \%), and temperature <i 0 I *C) data 

were acquired by a data acquisition system comprising an Apple Mac 11 SI 
5/80 with a NO bus adapter and the following 6 w instruments. Inc 
hardware 6Wi - 625 Data Acquisition Board, GWI - J2E Multiplexer 6Wi 
- ABO Analog Breakout System. GWI - 34W Ribbon cable. P^ pl was given 
by Eq (299) as the product of the voltage and the constant current and 
p «u vras given by Eq. (302). 

The current voltage parameters for Experiment '7 were an periodic • 
square- wave having an offset voltage of 1.60 volts; 3 peak voltage of 
1 90 volts, a peak constant current of 47.3 mA; 3 36.0% duty cycle and a 
I requeue y of 600 H 2 Peak voltage measurements were made with'an 
oiv »ilc--.cope <SK mode) -'2120). and me time averaoe current was 
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P' 90 volts; a peak constant current of 473 
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^ neannp coeffice* of ,r*. e.ectrolys.s run was 41 -r/W ■! 

neat inn coelfinent ftf lh „ h , C/V - w "«?n?as. t r, ? 

W loemcitnl of the heater run (calibration) was <J6 T/w i. 
Drocucc ,on o. excess heat was no, observed 
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by the presence- of dan: matttf in ir»e galaxy which decays with ;:.e 
emission of radiation below 912 A 

I he J lux of 635 A radiation required to produce hydrogen 
ionization is given fry f = t M /o x - 4 3 >: 1 0" 1 C- 13 photons cm-? $- * 
5 where t.jj is the writing rate in units of JO" ,J s 1 per h atom. 

Reynolds < i 986) estimates that in the immediate vicinity of me ha;n. 
a steady state ionizing rate of between 0 4 and 3.0 is required 
To produce this range of ionization, the 63S A intensity we observe 
would have to t>c distributed over 7% - 54% of the sky." 
10 Labov and Bowyer further report (Labov. S., Bowyer, S.. "Spectral 

observations of the extreme ultraviolet background". The Astropnysical 
Journal, 371 , ( IQQ I ), pp. 810-819) in their r3w data the high resolution 
raw spectral data of the extreme ultraviolet background emitted from 
dark interstellar space covering the range 80 A - 650 A. Peaks are 
15 present at 85 A. 101 A, 117 A, 130 A, MO A, 163 A 182 A, 200 A, 234 A, 
261 A. 303 A, 460 A, 584 A, 608 A, and 633 A In TABLt 3, we assign 
these peaks to the hydrogen electronic transitions to energy levels 
below the "ground state" corresponding to fractional Quantum numbers. 
Conspicuously absent \s the 256 A (40.3 eV) line o? He n which 
20 eliminates the assignment of the 303 A and the 234 A lines to the He II 
transitions. 

The 304 A {^0.8 eV) transition of hydrogen ts scattered by 
interstellar neutral helium giving rise to a broad He 1 emission centered 
at 504 A (21.21 eV) and a broad scattered hydrogen emission at about 

25 634 A (19.6 eV) Similarly, the I 14 A (100.0 eV) transition of hydrogen 
is scattered by interstellar neutral helium giving rise to a broad He I 
emission centered at 584 A (21.21 eV) and a broad scattered hydrogen 
emission at about 141 A (67.6 eV). Also, the 102.3 A (60 eV) transition 
of hydrogen is scattered by interstellar neutral helium giving rise to a 

30 broad He I emission centered at 304 A (21.2 1 eV) and a broad scattered 
hydrogen emission at about 26S A M6.6 eV). 

Another i wo-decade-old cosmoiooical mystery is the discrepancy 
between solar neutrino flux observed with the Homestake deiector 7 1 1 
0 03 5NU , and that predicted based on the Standard Solar riodei , 7.9 ^ 

35 2.6 SNU, According to the Standard Solar Model, the pp chain is the 
predominant energy sourc? of main- sequence stars wmch commences 
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tf»C- "ground sib\e via c-*< h j»eir.r- w 
Methods 

5 The hydrino atom was i<ttr,tii v-a hv FSr a it 

'or Chemica. Ana.vsis) ,, f - f ' Ct ' ec,roft SP«"osc«* 

ESCA or the clthode or a, , Z y s,s ce ^ 0 ° * '° C " lif,e ° * V 

E5CA (Electron Spectroscopy for Chpmirai a,,-.* , 
'0 0. 1 ev resolution or E „. tne DlBtfl ^ ,s Ca » 3 ^ <>< 

.« Oenera,. ESCa regies a ^^L*^^^^ 
•on.ze electrons from the sample being 3na »y 2ed t£L . * 
e.ectrons are emitted with energy E J et ; c ^ '° n,?eU 

^kinetic " Efw - E& - £ r 
where E„ is the binding energy of the electron ™r r • 
-c, energy The *,ne,,c en^es or J "™ ^e ^r^T* 
measured by measunng the magnetic field ^J™! 
them hit a detector Sinr, r . r otre ° 9ms necessary to have 

it nor. ^inceEkineticand E hv are exnerim^ntaiK. u 

Fb = ^ 13 6 eV n s 1 I .1 
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r«. was 1he sp)f ,, ^ " .'; Jf " * ^ ^oo 
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™ A hydrmo atom, hyoroyon atom with its electron in * ■ 

ground slate" ener™ w^i ^ Electron In a lower than 
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The dihycr.no molecule w« preu.c.ea .o oe sp.n na.rco ■„ 
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Faraday^ Calculated ncasureo nhe^ney 
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Principle Ouantum 
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r/3 
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Ionization Potential 
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n Air-is 

1. A hydrogen oto.n having tne property thai US electron ts 
in a lower than ground state' energy lev?! which corresponds to a 
fractional Quantum number 
5 2 A method of isolating tne hydrogen atom of claim l, 

compromising the steps of. 

isolating the hydrogen atom via cryolinration; ana 
identifying the hydrogen atom by searching for mass 
spectroscopic anomalies 
10 3. A method of releasing energy, comprising the steps of: 

selecting an element of matter having a nucleus and at least one 
• • electron disposed in a first electron orbital; 

determining the resonance shrtnkage energy of the electron 
orbital and an energy hole that will stimulate the at least one 
1!> electron* to undergo a resonance shrinkage transition to relax to a 

Quantized potential energy level below that of a "ground state" of said 
element of matter, thus defining a second electron orbital of smaller 
dimensions than said first electron orbital; 

providing said energy hole substantially equal to the resonance 
20 shrinkage energy of the element of matter; 

juxtaposing said element of matter and said energy hole; 
whereby the at least one electron of the element of matter is 
stimulated by said energy hole to undergo at least one shrinkage, thus 
releasing energy. 

?5 A. The method of claim 3. wherein the step of providing the 

energy hole comprises providing a catalytic system where at least 
one electron is transferred from one of a 'first atom, ion, and 
molecule to one of a second atom, ion, and molecule. 

5. The method of claim 4, wherein a sum of two ionization 

30 energies of said first atom, ion, or molecule less a sum of two 
ionization energies of said second atom, ion, or molecule is 
^proximately ?7.2i ev 

6 The method of claim 3. wherein the step of providing the 
energy hole comprises a catalytic system, wherein the overall 

35 reaction is: 
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means to dissoc.ste the hydrogen .nio atonic hydrogen 

u- A Hydrogen molecule having the nrooertv m-u ;•<.• . 
,n a to.er than -ground state" energy .ev ' wt c „ ' 7™ 
tract lona. quantum num Df?r corresponds to a 

- co mPr L )si ;;~ r ,,n9 the hyoro9en mo,ccu * - — * 

Rotating the hydrogen atom via cryof lltral ion; and 

spectro con V,n9 "* m ° ,eCU,e » *™*> •»« 

spectroscopic anomalies. 

oeiecnng element of matter havino ir ip^i #, ^ 
elect™ closed in a rtrst e.ectron orhTta, ° nUC ' <? * ^ lW ° 

determinirvn f ho ,>o^.™ ^ . > 
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electron is transferred Irom one of ;i fir 51 Worn, ion. ar»c molecule Ui one 
of a second Dtom. ion. and mciecwie. 

12 ihe method or claim l l, wnerein me ionization energy of 
s.&i<J hf i^t >on, or molecule lev?, a the ionization enercy of saiC 

5 second atom, ion. or molecule is approximat eh/ m x 6 eV 

l"j The method of claim ;0. wnere>n the step of providing tne 
energy hole comprises a catalytic system, wherein the overall reaction 
is. 

,,, 2 [ 2c . - 2§J5- ] , ,,« 2 [ 2 c = ^ ] wnerc 2c" is ,he 

10 internuclear distance of the hydrogen-type molecule, 

the energy hole is mp ? X 18.6 eV where m and p are Integers; 
during the transition, the elliptic field is increased from 
magnitude p to magnitude p ♦ m; 

the total energy, E7 1 released during the transition t$ 

•13.6cy[(?p?V? - 0^2 . R ^]ln ^-I - 

M. An electrolytic cell energy reactor, pressured gas energy 
reactor, and a gas discharge energy reactor, comprising: 

means for containing a source ot hydrogen, 
20 means for bringing the hydrogen molecules into contact with one of 

a solid, molten, liouid. or gaseous solution of energy holes; and 

means for removing the lower-energy hydrogen so as to prevent 
an exothermic shrinkage reaction from coming to equilibrium 
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15. A mctho.1 of roicocin, energy, comprising the 5tcps of: 
selecting an element of matter having a nucleus and nt least 
one electro,, dispose*! in a first electron orbital ; 

determining the resonance shrinkage energy of the eiectron 
orbit.nl „nd the energy hole vhich will stimulate the electron to 
undergo a resonance shrinkage transition to relax to a qua)lt i zed 
potential energy love! below that of a ground state of said 
element of matter, defining second electron orbital of waller 
dimensions that said £irst electro „ q 
orbital of the element of matter- 
providing said energy nolo sute t a „tially EqUftJ tf> ^ 
resonance shrinkage energy of the element of matter ; 

juxtaposing, said element of matter and said energy hole; 
whereby the electron of the element of matter ic ntimulated by 
naid energy hole to undergo at least one shrinkage „nd energy ic 
rclensed thereby. 



10- The method of claim lr >, wherein the step of providing. 
™ energy hole comprises providing a catalytic system including 
an electrochemical reactant comprising at least one of a cation 
and an anioit. 

The method of claim wherein said step of prov 1()ln , 

« energy hole comprise, selecting a second element of matter 
haV>R9 ^ ^'""^ — yy substantially e^ual to the resonance 
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Clcr ls ci»taly 2 <Kj by the 

energy holo to undergo at le*.-t ™„ „ 

9 1e *- t ° ne shrintoge tr.nsiti«» thereby 

to release eneroy. 

The mntna of cJnlB l8 vhcrein sai } ^^^^ 
energy hole is . ^ ^ ^ ^ 
decent of „ attet having M ioillxatJtoB ^ ^ _ 

to the resonance shrinir;*^ 

ce .,hr^nJca 9 e energy of said rirst element of 

matter. 

energy „. pris „ , ^ ^ 

electrochemical rearrw * . 
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The >n»»t« or ca aiD I9 . whcrcin said first 

ol matter comprises one of 1 »- 2 ». • 3„ 
comprises K * ond K * . 



22. The Wratus of clnia J9 f)jrthcr inclutJimj ^ 

electronic „» co.pri.in, at ,. Mt . cathode; .„ ^ ^ 
electrolytic solution; . v essel; , pouer 3Upply providing a 
current; „ Beans to Control Gaid ^ 
source; and , ^ to Gontrol ^ ^ ^ " 



23. Th 



" l ' <»' C2. ire 22, wherein the cathode i ( 

nickel or nrapbite. 



2«- The apparatus of cla i„ 22 , whcrcln tne anodc . £ 
platinum or nickel. 



. 22, wherein tho electrolytic 

solution is agueous po tas;:ioni carboMatc 

20. The apparatus of cla i„ 25 , wherein the aqueous 
electrolytic solution is basic. 

«• ». a pp aratus of CJai „ „ p whercjn c)rient 
provide, intermittent current of an intermittent s.uare- 

U4Ve ° tr ^ V °^*° of approximately 2.5 vo,ts to 2 , 

volts; a pcak vo?tag . Qf appro ^ inato)y 3 vojts tQ 2 a 
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^vxn tn<_ Raid energy hole iii 

co n/J „.„ „ n is nn ,y 
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- energy IT " Cla " — " -« — -v iding 

nergy hole con|priEcs at ^ 

h.lv At>9 an ionization e» erny wM , . 

Jy ' whlcl> »n combination with the 
lonjzation enerov of , „ , 

ho1 ^ , " **«ant prices said 

hole substantially equal to .1, 

raid ^ qU " J t0 UlC r ~ce shrinkage energy of . 

K «" first client of Mttor . 

31- The apparatus of clain ,« „ 

t 9 ' Whereln first element 

element campric.es: 

3 Si ^--" c.p. Me of prwlucing , )oJes 

selected fron the group convicting of - 
Catalytic Jon n ., . 

nth ionization energy 
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A '" ? 27 63 

" 2 * 3 27.^9 

A * ? ~ •> 2B.35 

»*' 4 ^ 27.23 

3 ?7.I6 

'*< 2 * 3 26.47 

<n 2 * 3 28.03 

T e 2 ' 3 27.96 

"here the number following the atomic symbol (n) is the nth 
ionization energy of the nfcoiD . for cx^o, Ti" -, 27 ., 9cV . Ti >- 
t. <?". 



32. The npparatus of clai* 30, wherein raid first 
client or matter co„ pricC3 an isotope Qf Uyax ^ n ^ ^ 
second and caid addltlonal eJemcntr Qf coMpr . se ^ 

(3) a two-ion couple capable of producing energy holes ro: 
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wherein the number in the column following the ion (n) is 
the nth ionization energy of the atom, for example, c,a ? " •+ 
30.71eV = ca 5 * -» e <»i>d H + e =* H B.OBeV; 

and (2) o cation and a molecule capable of producing energy hole 
for shrinking hydrogen atoms where the aolecule is reduced, 
selected from the group consisting of; 
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33. The apparatus of claim 10, wherein said means; 
providing :m energy hole is a sub.st.ancc comprising a plurality , 
elements of mntter, each having an ionization energy, wherein 
each ol saicJ plurality of elements of matter are selected to 
produce a difference in ionization energies substantially equal 
to the resonance .shrinkage energy of said first element of 
matter. 

34. The apparatus of claim 33, wherein said energy 
hole is provided by one of the following three-ion couples: 

Atom <eV) Atom<r>) (eV) Energy HoJe 
Oxidi?ed Reduced (eV) 

D S 37.40. U I 5.392 27.40 

No 1 5.139 

Cd3 37.48 N3I S.139 27.20 

Na 1 5.139 
3 5. The apparatus of claim IB, further including: 
3 pressurized g 3S energy reactor comprising 31 least a first 
vessel containing 3 source of hydrogen; a means to control the 
pressure Of the vessel; z means :o dissociate the molecular hydrogen 
Into atomic Hydrogen; a moiren, liquid, cr solid solution of the energy 
holes; a photon source, a second vessel; a power supply providing a 
current; a means to control said current; an external energy source, a 
heating means; computerized monitoring ana control system; and a 
means tfiat removes tne lower-energy hydrogen such as a selective 
venting valve to prevent the exothermic shrinkage reaction from 
coming to eoulllurlum 

36. The apparatus of claim 35, wherein: 
The inner surface or the first vessel comprises one or more of a 
cz2\ or n'cke-1, plat mum, or palladium; 2nd the ou:er surface j>r {h e 
:irs; vessel .$ coated with one or rvor* c f copper, tellurium arsenic 
tesium vizuiw. or pa^aa um and an cxide sik» as CuOv Pto* pcgJ 

nr»O x . AlCy. S:0* ' 

37. The apparatus of claim J!>, wherein: 

wer sv fa-re c.r the first vessel is coatee w»tn one or mere 
copDfr. tclrurium. a'sen»c. ces:um, pla'.inun. or calloOium and an 
o>r.oe s.cn CuOy Pip*. poo*. rv*3 x aio>. s;0x . 
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42. The 



apparatus of clai. 41, further including: 
d,jC ' M ^ factor, c o/npri^sno 

equilibrium. IC ' -•' on from coming to 
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